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The bactericidal activity of combinations of anti- 

bioties have been studied by two methods; in one, 
liquid media are used (Kirby, 1944; Hobby and 
Dawson, 1946; Price et al., 1949; Bigger, 1950; Bliss 
eal., 1952; Jones and Finland, 1956) and in the second, 
solid media are preferred. A simplified method using 
[liquid media, suggested by Jawetz and co-workers 
' (1955), can be used in the clinical laboratory. It has 
been further modified by us (Chabbert, 1953b). In 
this modification (the dise tube method) which we use 
routinely, the percentage of survivors is estimated by 
‘streaking on a solid medium. 

These simplified techniques permit the study of only 
asmall number of arbitrarily selected concentrations 
of antibiotics, but the methods utilizing diffusion on 
solid media permits one to obtain gradients of concen- 

‘trations (Bonifas, 1952; Chabbert, 1953a; Knapp and 
| Jacherts, 1955; Dye, 1956; Weil and Kotsevalov, 1956). 
Vv | Dye (1956) suggested the use of two strips of filter 
~y paper, deposited at right angles on the surface of the 
; agar to permit the study of the bacteriostatic effect of 
"varying concentrations of two different antibiotics. 
To study the bactericidal effect of combinations of 
) antibiotics, the method of Dye had to be modified to 
permit the transfer of survivors to an antibiotic-free 
medium. This transfer can be done by the velveteen 
replica plating method of Lederberg and Lederberg 
(1952) (Elek and Hilson, 1954; Pilkington et al., 1956; 
Manten, 1956) or by growing the organisms to be 
_ studied on cellophane. This method proposed by Gratia 
» (1944) and Heatley (1947) has been modified further 
inour work (Chabbert, 1953a). Recently we described a 
method permitting the growth of bacteria on a dia- 
phragm of cellophane (Chabbert, 1957). The combina- 
tion of this method with that of Dye (1956) permitted 
us to study the bactericidal effect of combinations of 
antibiotics in the clinical laboratory. 
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MATERIALS AND METHODS 


1. Preparation of cellophane diaphragm. Cellophane 
sheets 0.03 mm thick are cut up into squares measuring 

' 150 by 150 mm. One square sheet is heated in a moist 
atmosphere in a vessel and tightly stretched with a 
, rubber band over a Pyrex glass ring 80 mm in diam and 


\ 


Pasteur. 
Pasteur. 


1Chef de 


* Assistant de 


Laboratoire de ]’Institut 
Laboratoire de l'Institut 





193 


Cellophane Transfer 
Application to the Study of Activity of Combinations of Antibiotics 


Y. A. CHABBERT! AND J. C. PaTre? 
Laboratoire de ’ Hopital, Institut Pasteur, Paris, France 


Received for publication October 6, 1959 


25 mm high. This forms a tambourine which is then 
laid down in a Petri dish, 100 mm in diam, the cello- 
phane resting on a filter paper slightly moistened with 
water. The whole is wrapped in sulfurized paper and 
sterilized in an autoclave. The tambourine can be used 
as long as a certain degree of humidity remains in the 
dish. 

2. Preparation of the dishes. Strips of blotting paper 

200 g per m*) 70 by 5 mm were impregnated with the 

following concentrations of antibiotics and then air 
dried at 37C: penicillin 50 OU per ml; streptomycin, 
1000 wg per ml; chloramphenicol, 1000 yg per ml; 
tetracycline, 100 ug per ml; erythromycin; 200 ug per 
ml; and novobiocin, 100 wg per ml. These concentrations 
were chosen because they gave, after the incubation 
time used, gradients of concentrations equivalent to 
those found in body fluids and tissues. These deter- 
minations were made by utilizing for each antibiotic a 
series of strains of known sensitivity as determined by 
dilution assays in agar. 

The strips were deposited at right angles to each 
other on the surface of Petri dishes containing 30 ml of 
agar, such as brain heart infusion agar, and the anti- 
biotics were allowed to diffuse 24 hr at 37 C. 

3. Seeding and setting the tambourine. The blotting 





Figure 1. Cellophane tambourine showing growth of the 
persisters. 
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paper strips are then removed. Seeding of the drum’s 
cavity was with 1 ml of a 24-hr culture (brain heart 
infusion) diluted in distilled water 1:10 to 1:100. 
Excess liquid was removed with care and the drum 
was deposited on the agar. The dish was dried at 37 C, 
opened, and turned upside down in the incubator on a 
perforated metallic sheet (figure 1). 

4. Culture and transfer. After 6 or 18 hr, the drum 
was removed and deposited on a Petri dish containing 
30 ml of the agar medium best suited to the growth of 
survivors. Photographic records could be kept for the 
clinician. 

All the commonly used antibiotics passed through 
the cellophane. Cellophane did not carry over detect- 
able amounts of antibiotics at the concentrations 
recommended here. This was determined by seeding 
sensitive bacteria in cellophane drums which had been 
kept on antibiotic-containing media and then depositing 
them on an antibiotic-free medium. 


RESULTS AND DiscussION 
I. Reading 


A. Activities of single antibiotics. According to the 
scheme of Dye (1956), the phenomenon would be 
constant if taken on a parallel to the strip of paper. 

It is commonly admitted that the bactericidal 
activity of antibiotics is roughly proportional to their 
concentration: the number of survivors decreases when 
the concentration increases. 

Such phenomena seldom held true when using 
cellophane transfer. Photographs never showed a 
regular decrease in the number of survivors when 
approaching the strips. 

Observations may be 


classified in three 


groups: 
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Figure 2. Demonstration of antagonism, additivity, and synergism between antibiotics. a (left). Staphylococcus strain no. 231.5 
Combination: novobiocin and chloramphenicol. Transfer after 24 hr. b (center). Staphylococcus strain no. 343. Combination: chlor- | 
amphenicol and tetracycline. Transfer after 24 hr. c (right). Staphylococcus strain no. 121. Combination: ristocetin and streptomycin. 7 


Transfer after 4 hr. 
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(a) The percentage of persisters was very nearly 
constant, whatever the concentration. The populatig, 
was homogeneous over the whole gradient (see thy 
activity of penicillin, figure 4). 

(b) The percentage of persisters was decreasing, noi 
constantly, but by successive steps: the density sud. 
denly changed from one value to a lower one or to yj 
(see the activity of tetracycline in figure 2b). 

(ec) The population exhibited a zone phenomenon 
This is pictured by alternating areas of total bactericidal 
activity and areas showing an homogeneous density oj 
survivors (see the activity of erythromycin in figure 3) 

It may be predicted that the effects of various con. 
binations will vary depending on the type of actio 
exhibited by the antibiotics forming the combination 

B. Discussion of types of activities caused by combina. 
tions. The effect of the combination should be read iy 
the zone where the two antibiotics acted simultaneously, 
that is, in the right angle formed by the strips of anti- 
bioties. For any point of this zone, the effect of each 
antibiotic, acting alone, could be known by observing 
the effect produced on the bacteria in the zone where 
ach antibiotic acts alone, without being influenced by 
the other member of the pair. 

Antibioties exhibiting an activity like that of type 
a, and often of type b, will usually produce, when in} 
combination, easily interpreted activities. One single} 
type of action will be observed throughout the zone oi 
simultaneous action. Such activities may be_ broken 
down as follows (figure 2): 

(a) Additivity: The density of persisters varie 


constantly when passing from the area of activity olf 
the first antibiotic to that of the second through thep 


area of dual activity. In the case of total bactericida 
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nearhp activity, an additive curve in the form of a hyperbole, It is apparent that the geometrical patterns formed 
latio: will be formed exactly as in bacteriostasis (see figure 25). by the survivors are very similar to those we have 
ee tht (b) Synergism: A decrease in the density of persisters described for bacteriostatic activity (Patte et al., 1958). 
isobserved in the area where both antibiotics are active. However, it should be emphasized that bacteriostasis 
1g, noi} This decrease will usually be characterized by an area seems to be entirely independent of bac ‘tericidal activ- 
y sud} of no growth giving rise to a characteristic notch (figure ity. Since the transfer technique permitted the succes- 
r to nilf 2c). sive study of both phenomena, we have noticed. that 
(ce) Antagonism: The density of persisters is in- they were not usually equivalent. Moreover, it should 
menonf creased in the area of dual activity (figure 2a). frequently be possible to prescribe an antibiotic with 
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Figure 4. Effect of combination of ristocetin and penicillin on Streptococcus group D Ly with transfer made after 24 hr. 
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no bacteriostatic activity of its own, but which has a biotics (tetracycline and erythromycin) showed a very 
synergistic activity when in combination with another comparable zone effect. 
antibiotic. Such synergism was rather frequent in the If one takes a point of total bactericidal activity, 
case of streptomycin (figure 5) and we shall discuss it the parallels (drawn in the picture) would lead to zones 
later. of persisters for each antibiotic. This original point 
Very often the type of activity of the combination would seem to be due to synergism. Conversely, another 
differed within the zone of dual activity from one point point chosen in the zone of persisters would have 
to another. The phenomenon is then complex and may coordinates leading to zones where the two antibioties 
account for the discrepancies observed between liquid acting alone would give total bactericidal activity. This 
media techniques and cellophane transfer. Such com- zone of persisters would appear to be due to antagonism, 
plex effects may be illustrated as follows: Such are the kinds of effects one may encounter when 
(a) In the case illustrated in figure 3, the two anti- using, in a liquid medium, concentrations chosen 
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Figure 5. Effect of combination of penicillin and streptomycin on Streptococcus group D, no. 7 and no. 10 with transfer made 
after 24 hr. 
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haphazardly. Therefore, we prefer to consider the 
diferent areas in terms of the hyperbole which we have 
defined as a typical additive curve. These phenomena 
would be classified as “additive” effects. 

(b) One antibiotic could also overpower the other 
one in the zone of combined activity, especially at high 
concentrations. If the former antibiotic was the less 
bactericidal one, the combination would be antagonistic 
to the latter antibiotic in that particular area (figure 4). 

This was the case for the ristocetin-penicillin com- 
bination in the above picture. When alone, penicillin 
yielded a small number of of persisters, while ristocetin 
yielded many. When in combination, even with large 
quantities of penicillin, high concentrations of ristoce- 
tin and penicillin acted jointly, the bactericidal effect 
became important: an area of synergism showed up. 
Beyond this concentration the observed effects were 
that of penicillin alone. 

The study of such complex activities offered a good 
opportunity to show the advantage of a technique 
such as cellophane transfer over liquid media tech- 
niques: we were actually able to set up combinations 
at all the concentrations, and the results of such asso- 
cations could be seen all at once. 


II. Comparison between Results Given 
by Different Techniques 


We have tested bactericidal activity by three different 
techniques: a technique in liquid medium with a square 
design of experiment; the velveteen replication of 
Lederberg and Lederberg, (1952) and Elek and Hilson, 
(1954); and cellophane transfer. In these ways we have 
compared results from 208 combinations on the 
following bacteria: 

Staphylococci: Three penicillin-sensitive strains and 
two penicillinase-producing strains, sensitive to all 


TABLE 1 
Comparison of the results obtained by three different methods used 
in the study of bactericidal effects of combinations of two 
antibiotics. Percentages of combinations falling in each group 


. Strepto- Gram- 
Staphylo- es “i ») 
Type of Agreement Between cocci, 120 Peconinn ha by agg 
Method Combina- pop akewy wimg ve 
Hin 60 Combi- | 28 Combi-| nations 
— nations nations 
= oe " eS 
Cc or c € 
© 0 G € 
Comparison between 
square liquid tech- 
nique and diffusion 
techniques 
Concordance 49 83.5 58.5 60.5 
Discordance 1 0 0 0.5 
Meaningless 50 16.5 41.5 39 
Comparison between two 
diffusion methods 
Concordance. 57 80 64 65 
Discordance 6.7 10 0 7 
Meaningless Petter: 36.3 10 36 28 


other antibiotics, have been studied with all combina- 
tions of penicillin, streptomycin, chloramphenicol, 
tetracycline, erythromycin, novobiocin, and bacitracin. 

Eight strains resistant to several antibiotics have 
been studied with two or three combinations only. 

Group D streptococci: Six strains isolated from 
patients suffering from acute endocarditis have been 
studied with combinations of penicillin, streptomycin, 
chloramphenicol, tetracycline, and erythromycin. 

Enterobacteriaceae: Eight strains of Escherichia coli 
were tested using combinations made up of streptomy- 
cin, chloramphenicol, and tetracycline. 

Pseudomonas aeruginosa: Neomycin-polymyxin B 
combinations have been studied with six strains. 

We shall not describe in detail the results obtained 
with each one of these combinations. Briefly, for each 
method, we classified the results as synergistic, indif- 
ferent, or antagonistic. In a number of cases, one or 
even several techniques did not give conclusive results 
because both antibiotics were totally bactericidal under 
the experimental conditions used. Such results were 
considered as ‘“‘meaningless.’’ In other cases, agreement 
or disagreement between methods was established. 
Results in percentages are grouped in table 1. 

Good agreement between the different methods was 


noted. Results are usually comparable, and one 
method will suffice to describe the phenomenon. 


A real advantage of the cellophane transfer method 
appeared to be its sensitivity. Even very small percent- 
ages of survivors could be demonstrated, and it was 
possible to transfer from 50 to 100 times as many 
persisters as the velveteen replication technique under 
the same conditions. This fact was established by 
colony counts. 


ITI. Practical Applications of the Cellophane 
Transfer Method 


1. Detailed study of an antibiotic. The cellophane 
transfer technique is now used in our laboratory to 
ascertain the activity of new antibiotic when used in 
combination. It has been applied to the tetracycline- 
oleandomycin combination. Both antibiotics showed a 
neat zone effect and the combination gave a result 
very similar to that shown in figure 3. The pattern 
observed was of the additive type as defined by us 
previously. It was very similar to that observed pre- 
viously during the study of bacteriostasis of this 
association (Patte et al., 1958) and very different of the 
synergism observed with the combinations penicillin- 
streptomycin. 

2. Clinical importance. This technique is also used for 
routine purposes to study ungrouped as well as group 
D streptococci producing acute endocarditis. These 
infections may be treated immediately by a streptomy- 
cin-penicillin combination, but cellophane transfers 
(one after 6 hr contact, another after 24 hr) may allow 
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the physician to approximate the doses of penicillin to 
be used, and to decide whether streptomycin is to be 
used or not. Two transfers are made to permit a better 
evaluation of the treatment needed. A strain which 
leaves no survivors after 6 hr will require a less inten- 
sive treatment than one which would leave survivors 
after 24 hr. 

Effects may be classified into three groups, corre- 
sponding to three different types of subsequent recom- 
mended treatment. 

(a) Streptomycin and penicillin, a very active com- 
bination, allowed few survivors after a 6 hr contact 
and none after 24 hr. If there were survivors, synergism 
was easily shown. It would be wise to prescribe penicil- 
lin-procaine for example, at a moderate dose (a few 
million units intramuscularly). Combination with 
streptomycin would then not be absolutely necessary 
(figure 5). 

(b) Penicillin alone was much less inhibitory than 
the combination and so was streptomycin. Both allow 
many persisters, even after 24 hr. But combination 
showed a very marked synergism (see figure 5, top). 
The treatment would then be: penicillin at high doses 
(several tens of million units, when necessary with 
benemide) given in perfusion, plus 
intramuscularly. 

(c) The two previously detailed types made up 95 
per cent of the cases. But, in the 5 per cent remaining, 
antagonism was observed. Then penicillin must be 
prescribed at a high concentration, without streptomy- 
cin (see figure 5, bottom). 

This classification is obviously theoretical and many 
intermediate cases may be encountered. 

Agreement between results in vitro and therapeutic 
results has been studied by Martin et al. (1958) in 81 
cases of streptococcal endocarditis. Apart from results 
which were difficult to make out for various reasons 
and which represents 18 per-cent of the cases, good 
agreement was observed in 70 per cent. In 12 per cent 
of the cases, a discrepancy between clinical and labo- 
ratory tests was found. 


streptomycin 


Finally, we also used cellophane transfer inculture 
from cases of septicemia due to resistant staphylococci 
or gram-negative bacteria which were only slightly 
sensitive to antibiotics. However, the effects were far 
too complex and varied according to the strains. The 
number of cases has not yet been sufficient to allow a 
statistical comparison between laboratory results and 
therapeutic trials. 


SUMMARY 


The growth of bacteria within a cellophane tam- 
bourine permitted the demonstration of the bactericidal 
effect of antibiotics in combinations. By diffusion from 
two strips of paper each containing a single antibiotic 
and deposited at right angles to one another on an 
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agar medium, gradients of antibiotics could be formed, 
In the first step, those concentrations of antibiotics 
were permitted to act on the microorganisms inoculated 
on the cellophane tambourine put on the agar. Later, 
the tambourine was transferred onto a new antibiotic. 
free agar medium so that any survivors might grow in 
the zone of growth inhibition on the cellophane. 
Usually, the bactericidal effect of an antibiotic was 
not proportional to its concentration, and zone effects 
were frequent. For antibiotic combinations, aside from 
simple effects which were classified as favorable or 
unfavorable, complex effects, varying with the con- 
centrations, were often shown. In this way the tech- 


nique easily permitted the study of the action of single | 


antibiotics and the interaction of pairs of antibiotics, 

Results were compared with those obtained by other 
techniques for a total of 208 antibiotic combinations. 
Good agreement. between the different methods was 
noted where inclusive results for both methods could 
be obtained, but the cellophane transfer technique was 
the most sensitive. 

In a clinical laboratory, cellophane transfer may help 
to establish approximately the doses of pencillin to be 
used in the treatment of streptococcal endocarditis, 
and assist in the determination of whether streptomy- 
cin is to be associated or not. 
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While notable advances favor the use of fecal strep- 
tococci as an index of pollution in water (Leininger and 
McClesky, 1953; Morris and Weaver, 1954) and in food 
examination (Brown and Gibbons, 1950; Barnes et al., 
1956; Mossel et al., 1957), critical reports seem to favor 
the indicative value of the coli-aerogenes group (Parr, 
1938; Kelly and Arcisz, 1954; Gilereas and Kelly, 1955; 
Thomas et al., 1958). 

Masinova and Cledova, (1957) studied the biochem- 
ical properties of Escherichia coli in water and soil for 
over 2 years. They ascertained that the organisms re- 
covered varied considerably under different environ- 
mental conditions in such manner that the typical L. 
coli population changed into the intermediate types 
and sporadically into Aerobacter aerogenes. They con- 
cluded that in hygienic analysis of water and soil, the 
character of fecal pollution must be assessed in relation 
to the whole group of coliform bacteria and that in- 
dividual species of the group may be used to evaluate 
the duration of fecal pollution. ’ 

In a previous report Cooper and Ramadan (1955) 
studied the merits of fecal streptococci as indicators of 
pollution. These studies indicated that typical Strep- 
tococcus faecalis was recovered only from human feces 


and that strains of Streptococcus bovis, capable of hy- 
drolysing starch, were characteristic of bovine feces. 
Other members of the enterococcus group, for example, 
S. faecalis var. liquifaciens, S. faecalis var. zymogenes 
and a variety of atypical S. faecalis strains were en- 
countered in human, bovine, and sheep excreta. S. 
bovis, failing to hydrolyse starch (Orla-Jensen, 1942), 
and Streptococcus durans were occasionally recovered 
from human feces. By adopting a special tellurite 
method for isolating streptococci from excretal matter, 
it was possible to differentiate between the human- and 
animal-derived strains quantitatively according to three 
devised tests; namely, the Janus green reduction test, 
the heat-resistance test, and the heat and tellurite- 
resistance test. Thus, fecal streptococci passing the 
two heat-resistance tests with or without the Janus 
green reduction test were derived entirely (100 per cent) 
from human feces. Strains failing to pass all three tests 
accounted for 98.5 per cent of the animal-derived 
strains. Fecal streptococci showing reactions varying 
from those stated were found to be less characteristic 
of a particular source. Truly, such a hypothesis may 
harden into a conclusion only with extended investiga- 
tion covering streptococci from other farm animals and 
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also water animals. Nevertheless, the weight of bio- 
chemical evidence revealed by the human-derived 
strains would seem to lead to little, if any, misconcep- 
tion in future studies as to their possible identity which 
in turn will signify the real type of dangerous pollution. 

Barnes and Ingram (1955) reported that Streptococ- 
cus faectum was the main enterococcus in the gut of 
the pig, whereas S. faecalis, common in the human in- 
testine, was not present. Furthermore, Barnes (1956), 
studying the rate of tetrazolium reduction, recognised 
the distinctly high reducing character maintained by 
strains of S. faecalis over animal-derived streptococci 
such as S. faecium and S. bovis. 

The present paper inquires as to how the streptococ- 
eal technique and the coliform tests compare as in- 
dices of pollution for routine purposes. 


MATERIAL AND METHODS 


Samples investigated include 58 chlorinated, 5 lime- 
treated, and 59 raw waters; 113 pasteurised milks, 
92 raw milks, and 58 ice creams. The streptoccocal 
index was carried out from 10-ml amounts taken asep- 
tically from the main samples, which had been mixed 
by thorough shaking for 5 min. The remainder of the 
sample was subjected to routine coliform examination 
in accordance with the methods set up by the Ministry 
of Health (1939). Both the presumptive and the typing 
coliform tests are taken into consideration in water ex- 
amination. In milks and ice creams, coliform testing 
was limited to the presumptive tests in which 1-ml 
amounts of the inocula from 1:100 dilution of a sample 
were used. 

Examination of samples for their streptococcal index 
may be represented by the following scheme which 
shows some variation in technical procedures depending 
upon whether they are waters or milks and ice creams. 


Streptococcal Technique 
WATER MILK AND ICE CREAM 


(10 ml) (10 ml) 
Centrifuged at 3000 rpm for 15 min. 
Last ml including sediment inoculated into a tube of 1:5000 
potassium tellurite medium. 


Tube ineubated at 37 C 
for 48 hr. 


Tube incubated at 37 C 
for 24 hr. 
Centrifuged for 15 min. Subcultured on MacConkey’s 
bile agar and incubated 

‘| for 24 hr. 
Sediment subcultured on | 
MacConkey’s bile agar and | 
incubated for 24 hr. 
| 
A fecal streptococcus colony picked and subcultured on 10 
per cent heated blood agar and incubated for 24 hr. 


Subculture made on Bacto-peptone! broth and incubated for 
16 hr. 





1 Difeo Laboratories, Inc., Detroit, Michigan. 
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From the resulting growth, the following tests were 
carried out: H 
1. Heat-resistance tests: A 0.5-ml aliquot of the 
Bacto-peptone culture was transferred into a Widal , 
tube (65 by 9 mm) and heated in a water bath at 63 ¢ 
for 30 min. The tube was then cooled by holding in 
another water bath at 37 C for 2 hr. Using a 4-mm di- 
ameter loop, one loopful was subcultured: (a) to a 10 
per cent heated blood agar plate, incubated for 48 hr, 
and examined for growth; (b) to McLeod’s tellurite 
medium (Anderson et al., 1931) and the plate incubated 

at 37 C for 48 hr and examined for growth. 

2. Janus green milk test: Janus green B (dimethyl. 
safranin azodimethylaniline; a Gurr preparation, bateh | 
no. 1041) was dissolved in sterile glass distilled water | 
to form a 1 per cent solution. The dye solution was 
heated in a water bath at 80 to 100 C for 15 min and | 
left to cool. It was then added to sterile separated milk | 
to bring the final concentration to 1:10,000 and the 
medium distributed in 5-ml amounts in screw-capped 
bottles. One loopful (4 mm diameter) of inoculum from 
the broth culture was transferred to a screw-capped 
bottle of medium and incubated along with a non- 
inoculated bottle of medium as a control in a water | 
bath at 37 C. Readings were made after 16 hr to record | 
the rate of reduction of the dye in milk culture. The | 
Janus green milk test was considered positive when the | 
color of the dye reached after 16 hr at 37 C was the 
quinonoid red (semireduced form) or any other shade 
following it towards the leuco form of the dye. 

In using Janus green B other than the stated batch 
(Gurr, batch no. 1041), the dye preparations should be 
standardized against this original preparation or the 
British Drug Houses (B.D.H.) preparation (batch no. 
183914) in 1:8000 final concentration in milk (Cooper 
and Ramadan, 1955). 





RESULTS AND DISCUSSION 


Before tabulating the results, several observations 
of technical importance should be mentioned. Firstly, 


TABLE 1 


Correlation between the presumptive coliform and streptococcal 
results in various types of water 














Incidence of Fecal 
Streptococci 
Type of Water a = Total 
Streptococci Streptococci | 
positive negative 
Coliform positives 
OS SA ey ree eee 39 4 43 
Chlorinated and treated...... 13 3 16 
Coliform negatives 
ee ee 2 | 14 16 
Chlorinated and treated....... 19 28 47 
Total 
ON he ia ee ee ee 41 | 18 59 
Chlorinated and treated....... 32 31 63 


cc ere tcrcpieocy 733 =~ «|: 49 122 
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it was observed that it is necessary to culture water 
samples on potassium tellurite broth for 48 hr to obtain 
subsequent good growth of the fecal streptococci on 
MacConkey’s bile agar plates. On the other hand, 
milk and ice cream samples usually presented good 
growth and sometimes mixed growth on subculturing 
after 24 hr only. It may be stated that where heavy 
contamination existed, milk and ice cream inocula 
reduced the tellurite in the medium almost immediately. 
Secondly, it has been found that strains of Streptococcus 
lactis cannot survive the tellurite concentration fol- 
lowed by subculturing on MacConkey bile agar 
medium; hence, their elimination may be ensured by 
the first two steps of the streptococcal technique. 

I. Water samples. The results of the presumptive 
coliform tests, when correlated with the incidence of 
fecal streptococci recovered, revealed the data shown 
in table 1. 

From a general aspect, it may be observed that 
whereas 73 samples (59.8 per cent) presented fecal 
streptococci, coliform organisms were presumed to 
exist in 59 samples (48.3 per cent). The high incidence 
of discrepancy lies mostly within the chlorinated and 
treated waters. Thus, whereas 16 of these samples were 
regarded as positives according to the coliform indica- 
tion, fecal streptococci were recovered from double 
that number. Such discrepancy may be explained on 
the basis of chlorine tolerance usually experienced by 
fecal streptococci. In raw samples, divergencies were 
minor and equally present in both coliform and strep- 
tococcal techniques. 

When the coliform and fecal streptococci strains were 
typed, they provided the information shown in table 2. 

With regard to water samples yielding fecal coli type 
I (that is, 47 samples), the. streptococcal isolations 


TABLE 2 
Correlation between coliform types and source of pollution 
indicated by excretal streptococci 





Tests on Streptococci Indicate: 





Type of Water ee Penn Source | Strepto- Total 
derived derived —_— | wanaiien 
Coli type I (fecal) ; 
MGW... cs. are 7 14 12 2 35 
Chlorinated and treated. . 3 3 4 2 12 
Other coliforms (intermedi- 
ate-aerogenes-cloacae 
types) | 
Raw.. SR ee ee Re Z Va ie 8 
Chlorinated and treated. . 2 1 EG Pa PS Na 4 
Coliform negative | 
ROR Recess LE 5 sick Oh OES ee I eG 
Chlorinated and treated..| 11 6 ,im | 47 
‘Total | 
ae Cranes T 9 | 15 | 17 | 18 | 89 
Chlorinated and treated..| 16 10 | 6 | 31 63 
eer 25 | 25 | 23 | 49 | 122 
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agreed in 91 per cent of cases. Failure in the rest of the 
samples may be a question of old pollution in such 
waters. This suggestion may be supported by the find- 
ings of earlier workers, for example, Savage and Wood 
(1917) who found that in natural water to which feces 
were added, fecal streptococci died by the end of 7 
days whereas Escherichia coli survived for 2 weeks. That 
fecal streptococci decline in number, when experi- 
mentally introduced into waters or soil, seems to be 
agreed upon by several investigators, for example, 
Garvie (1955) and Bergner-Rabinowitz (1956). The 
rate of decline of excretal streptococci from human and 
animal sources was studied by Ramadan (1951). In 
sterile distilled water kept at room temperature (ap- 
proximately 22 C), fecal streptococcus cells maintained 
a steady decline over a period of 5 weeks after which a 
sharp decline occurred, presenting a smooth steep 
curve. A period of 8 to 9 weeks elapsed before all the 
cells were dead. Recent views on this matter, such as 
those of Morris and Weaver (1954), recognize the fact 
that whereas fecal streptococci in stored well waters 
never increased in number, the coliforms might either 
increase or decrease. They also stated that when coli- 
forms or streptococci disappeared from the stored 
samples the other did likewise. The question of FE. coli 
and fecal streptococci survival in waters under varying 
conditions seems to warrant further qualitative studies, 
in order that previous reports and other conflicting 
views, like those of Ostrolenk et al. (1947), may be 
verified. 

In evaluating the merits of the streptococcal index 
in the class of waters bearing FE. coli type I, it was possi- 
ble to relate the fecal source to a human origin in 20 
per cent of the raw and in 25 per cent of the chlorinated 
samples. Also, it indicated an animal source in 40 per 
cent of the raw and 25 per cent of the chlorinated 
samples. It failed, however, to specify the source of 
pollution in 34 per cent of both waters. 

With waters yielding coliforms of the intermediate- 
aerogenes-cloacae (IAC) group, the streptococcal index 
was in favor of 25 per cent only of these samples as 
being free from fecal pollution. The interpretations 
of such findings seem to add further doubts to the po- 
sition of coliforms of the IAC group; and whether it is 
justified to rely on them as indicators of pollution of 
nonfecal origin (Bardsley, 1934; Taylor, 1941; Cuthbert, 
1954). 

The coliforms and fecal streptococci showed marked 
discrepancy as indices of pollution in chlorinated waters. 
Thus, while 47 samples were regarded pollution-free 
by the coliform index, 40 per cent of these samples, 
however, were incriminated as bearing fecal pollution 
according to the streptococcal index. Though such dis- 
crepancy may be expected, due to higher tolerance of 
fecal streptococci towards chlorination, this ought not 
to minimize their significance as standards of pollu- 
tion, since certain enteric pathogens are known to re- 
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sist ordinary chlorination, for example, Shigella sonne 
(Green and MacLeod, 1943). The presence of excretal 
streptococci may serve as a useful warning in that re- 
spect. 

In reviewing the general merits of the two indices 
from a sanitary point of view, one is inclined to believe 
in a wider margin of delicacy on behalf of the strep- 
tococcal index. The probable source of pollution may be 
verified by the use of other evidence, such as the nature 
of the water, its actual surroundings, and sewage dis- 
posal, which would help in the assessment of the re- 
sults obtained. When such a method is applied to the 
available polluted samples, a sort of indication is gath- 
ered as shown in table 3. 

From table 3 it may be seen that water samples 
showing animal pollution belong, for the most part, to 
the class of natural waters, while those revealing human 
pollution are in some way or another related to a human 
factor rather than to an animal one. Though such ob- 
servations may afford a logical confirmation to the 
present findings, it does not constitute proof in every 
respect. Samples presenting doubtful source of pollu- 
tion, were derived from natural waters and remains of 
waters which have been contacted by man or farm ani- 
mals. 

The detection of those organisms in water which in- 
dicates animal pollution may provide no actual evi- 
dence for the tendency to contain the common patho- 
gens of man, however, one is tempted to consider such 
waters as being of low standards. Judgement, however, 
may depend on certain other factors, and on treatment 
measures which would insure their absolute safety for 
human consumption. Thus, the presence of organisms 
indicative of animal pollution in chlorinated water but 
freedom from coliforms, may signify an_ efficient 
chlorination process rather than an inadequacy of it. 
Conversely the presence of coliforms and fecal strep- 
tococci must lead to the assumption of the inefficiency 
of the treatment process, since chlorination should 
yield a water free from coliforms in 100-ml samples. 


TABLE 3 
Source of pollution as related to nature of water and origin of 
sample 


Animal-derived 


¢ ) Source 
Pollution Doubtful Source 


Human-derived Pollution 
Well supply Stream water 
Treated lake water 
Tank water (chlori- 

nated) 


Well under scullery 

Large stagnant tank 

Drinking 
(for pigs) 


Spring water 

Untreated lake 
water 

Rain water 


trough 


Public supply (kitch- Storage tank  (re- 
en tap) mains) 

Public supply (ga- | Roadside drain- Stagnant pool 

= rage tap) age 

Chlorinated — reser- | Open tank Drainage water 
voir (chlorinated) (pig yard) 

Nontreated lake | Pump supply River water 
water 
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The presence of streptococci of human or doubtful 
sources in chlorinated water free from coliforms may be 
interpreted as fit or unfit for human consumption ae- 
cording to their freedom from pathogens known to re- 
sist chlorination. 

II. Milk and ice cream samples. Results obtained by 
the coliform presumptive tests and the excretal strep- 
tococci index are tabulated for different milk samples 
in table 4, and for ice cream in table 5. 

In reviewing the results of the milk and ice cream ex- 
amination, a wide diversion existed concerning the com- 
parative value of the two indicators, regarding a claim 
of direct or indirect fecal pollution. Discrepancies be- 
tween the two indices for the same sample may be 
summed up as being 1.1 per cent in raw milk, 4.4 per 
cent in pasteurised milk and, 1.7 per cent in ice cream 
on behalf of the coliform presumptive test, whereas 
the streptococcus technique shows a positive result in 
47.8, 35.4, and 36.2 per cent, respectively. 

In discussing these findings, a number of criteria 
should be taken into consideration. The size of inocu- 
lum employed by each of the two indicators bears a 
direct effect on the results obtained. Also, the relatively 
higher resistance of certain groups of excretal strepto- 
cocci towards pasteurisation (63 C for 30 min) than 
most of the coliform bacteria would seem to explain in 
a great part the results obtained with pasteurised milk 
and ice cream. Although heat-resistant coliforms are 


TABLE 4 
Correlation between coliform results and excretal streptococci 
index in raw and pasteurized milk 


Streptococci Index: 


sons Hu- ee Source | Strepto- roe 
man- ERR ae doubt- cocci 
derived derived ful negative 
Coliform positives 
i ee eee 1 - 2 1 4 
Pasteurized...... 6 6 4 5 21 
Coliform negatives 
MN oo gs teat rae 13 14 17 44 88 
Pasteurized..... oe 14 6 20 52 92 
Total 
ee reer 14 I4 19 45 92 
Pasteurized........ 20 12 24 57 113 
TABLE 5 


Correlation between coliform results and excretal streptococtt | 


index for ice cream samples 


Streptococci Index: 


= Strent Total 

Human- | Animal- | SOUrCe | Strepto- 

derived | derived doubt- set 

ful negative 
Coliform positives. ..... 1 — 2 1 4 
Coliform negatives. .... 5 7 9 33 54 
NIE 6 oer o> Sees 3 sine 6 7 11 34 58 
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known to exist, their incidence in efficiently pasteurised 
milk was found to be low (Crossley, 1946; Ashton, 
1950). 

Not all of the milk or ice cream samples which pro- 
duced acid and gas in MacConkey’s broth showed the 
presence of fecal streptococci. This may be explained 
on the basis of various possibilities which are known to 
play a part in coliform results. It is possible that such 
samples contained coliforms of nonfecal origin (Wilson 
et al., 1935) or that false positive acid and gas results 
were produced by organisms other than coliforms 
(Ashton, 1950). Recently, Williams (1956) showed that 
a combination of S. faecalis and aerobic sporeformers, 
for example, Bacillus subtilis, can produce acid and gas 
in milk cultures. 

The presence of fecal streptococci in milk and ice 
cream does not necessarily indicate a direct pollution 
from human or animal sources. Bearing in mind the 
question of thermoduric strains and that milk is a suit- 
able medium for excretal streptococci, one would expect 
that unsterilised utensils in pasteurisation plants may 
become common sites providing a continuous flow of 
indirect pollution in milk and consequently in ice cream. 

As a preliminary consideration to the present 
findings, it seems that the streptococcal index would 
provide better information regarding the hygienic 
standards as well as estimating the degree of care and 
cleanliness taken in the processing or production of 
these foods. For example, where thermoduric excretal 
streptococci (mostly of human origin) may seem to 
interfere with the accurate judgement on pasteurised 
milk and ice cream, the presence of nonheat resistant 
types (mostly of animal origin) would afford a better 
detect any failure in the 
pasteurisation process or possibilities of post-pasteuri- 
sation contamination. Verification of such probabilities, 
however, may be confirmed by other means such as the 
phosphatase test. 

To be sure that there is no question of accepting 
milk or ice cream showing fecal pollution, emphasis 
must be placed on the definition of the source of pollu- 
tion in such foods, thereby providing a means of better 
control of the conditions under which they are produced 
and distributed, as well as working towards precise 
definition of the risks carried by these vehicles. 

It may be of interest to record that the question of 
implicating certain members of the enterococcus as 
causing food poisoning (Buchbinder et al., 1948; Sharpe, 
1952) does not seem justifiable by the present findings. 
Since a high percentage of the pasteurised milks con- 
taining these organisms have been consumed without 
causing food poisoning, one is inclined to share the 
views of Moore (1955) on the rarity of the condition. 


means to 


SUMMARY 


Fecal pollution was investigated in 122 water 


samples, 205 milk samples, and 58 ice cream samples. 
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A correlation was sought through the simultaneous 
use of the coliform index and the streptococcal tech- 
nique of Cooper and Ramadan (1955). Coliforms were 
detected in 5 per cent of water samples, 4.4 per cent of 
pasteurised milk samples, 1.1 per cent of raw milk 
samples, and 1.7 per cent of ice cream samples. Con- 
tamination as indicated by the streptococcal index 
reached 17.2, 35.4, 47.8, and 36.2 per cent for the same 
samples, respectively, In raw waters, the incidence of 
pollution detected by the two methods matched rather 
closely. In chlorinated waters, the high tolerance of 
fecal streptococci influenced the results quite markedly. 
It is suggested that the streptococcal index may serve 
as a better safeguard than the coliform tests both in 
the judgement of chlorination efficacy and also in the 
control of pathogens known to resist chlorination and 
similar treatments. Furthermore, it adds a means of a 
possible definition of source of pollution which would 
be prolific and instructive in water examination. In 
milks and ice creams the two indices presented high 
discrepancies in defining a case for pollution in such 
foods. 

Although ample evidence tends to indicate adequacy 
of the streptococcal index for measuring both cleanli- 
ness and safety, its value for routine purposes would 
depend, however, on further information outlining 
differences between direct pollution reaching these foods 
and continuing growth of the indicator microorganisms 
in the processing plants. 


REFERENCES 


ANDERSON, J. S., Happoutp, F. C., McLeop, J. W., ann 
Tuompson, J. G. 1931 On the existence of two forms of 
diphtheria bacillus, Bacillus diphtheriae gravis and Bacillus 
diphtheriae mitis, and a new medium for differentiation 
and for the bacteriological diagnosis of diphtheria. J. 
Pathol. Bacteriol., 34, 667. 

Asuton, T. R. 1950 Some bacteriological aspects of the de- 
terioration of pasteurized milk. J. Dairy Research, 17, 
261-287. 

Barps.Ley, D. A. 1934 The distribution and sanitary sig- 
nificance of B. coli, B. lactis aerogenes and the intermediate 
types of coliform bacilli in water, soil, feces and ice cream. 
J. Hyg., 34, 38-68. 

Barnes, E. M. 1956 Tetrazolium reduction as a means of 
differentiating Streptococcus faecalis from Streptococcus 
faecium. J. Gen. Microbiol., 14, 57-68. 

Barnes, E.M.anp INGram, M. 1955 The identity and origin 
of faecal streptococci in canned hams. Ann. inst. Pasteur 
Lille, 7, 114. 

Barnes, E. M., I[ncram, M., aNp INGRAM, G. C. 1956 The 
distribution and significance of different species of faecal 
streptococci in bacon factories. J. Appl. Bacteriol., 19, 
204-211. 

BERGNER-RaBINOWITZ, 8S. 1956 The survival of coliforms, 
Streptococcus fecalis and Salmonella tennessee in the soil 
and climate of Israel. Appl. Microbiol., 4, 101-106. 

Brown, H. J. AaNp GipBons, N. E. 1950 Enterococci as an 
index of fecal contamination in egg products. Can. J. 
Research, 28F, 107-117. 

BucHBINDER, L., OsLER, A. G., AND STEFFEN, G. I. 1948 
Studies in enterococeal food poisoning. The isolation of 





204 F. M. RAMADAN 


enterococci from foods implicated in several outbreaks of 
food poisoning. Public Health Repts. (U.S.), 63, 109-118. 
Cooper, K. E. anp Ramapan, F. M. 1955 Studies in the 
differentiation between human and animal pollution by 
means of faecal streptococci. J. Gen. Microbiol., 12, 


180-190. 
Crosstey, E. L. 1946 The coliform flora of milk and dairy 
products. J. Dairy Research, 14, 233-282. 


CurTnBert, W. A. 1954 The suitability of farm water sup- 
plies for dairy purposes. J. Appl. Bacteriol., 17, 76-89. 

Garvig, E. I. 1955 The growth of Escherichia coli in buffer 
substrate and distilled water. J. Bacteriol., 69, 393-398. 

GiucrEas, F. W. anp KeEtty, 8. M. 1955 Relation of coli- 
form-organism test to enteric virus pollution. J. Am. 
Water Works Assoc., 47, 683-694. 

GREEN, C. A. anD MacLeop, M.C. 1943 Explosive epidemic 
of sonne dysentery. Brit. Med. J., 2, 259-261. 

Ketty, C. B. anp Arcisz, W. 1954 Surivival of enteric or- 
ganisms in shellfish. Public Health Repts. (U. 8.), 69, 
1205-1210. 

LEININGER, H. V. anp McCuegsky, C. 8. 
dicators of pollution in surface waters. 
1, 119-124. 

Masinova, L. AND Ciepov4, V. 1957 Evaluation of the 
positive test for coliform bacteria in sanitary tests of 
water and soil. Inst. Hyg., Prague, Report 13-14. 

Ministry of Health 1940 The bacteriological examination of 
water supplies. Public Health Med. Rept. No. 71, H. M. 
Stationery Office, London, England. 

Moore, B. 1955 Streptococci and food poisoning. 


1953 Bacterial in- 
Appl. Microbiol., 


J. Appl. 


Bacteriol., 18, 606-618. 
Morais, W. AND WEAVER, R.H. 1954 
of pollution in well waters. 


Streptococci as indices 
Appl. Microbiol., 2, 282-285. 


[VoL. 8 


Mosset, D. A. A., VAN DiepEN, H. M. J., AND DE Bruin, A.S 
1957 The enumeration of faecal streptococci in foods, 
using Packer’s crystal violet sodium azide blood agar. J, 
Appl. Bacteriol., 20, 265-272. 

ORLA-JENSEN, S. 1942 The lactic acid bacteria, 2nd ed, 
Einar Munksgaard, Copenhagen, Denmark. 

OsTROLENK, M., KraMer, N., AND CLEVERDON R. C. 1947 
Comparative studies of enterococci and Escherichia coli 
as indices of pollution. J. Bacteriol., 53, 197-203. 

Parr, L.W. 1938 The occurrence and succession of coliform 
organisms in human faeces. Am. J. Hyg., 27, 67-87. 

Ramavan, F.M. 1951 Studies in the detection of pollution; 
with special reference to distinguishing human and animal 
pollution. Ph.D. Thesis, University of Bristol, England, 

SavaGcE, W. G. ano Woop, D. R. 1917 The vitality and vi- 
ability of streptococci in water. J. Hyg., 16, 227-239. 

SHarPe, M. E. 1952 Group D streptococci in the faeces of 
healthy infants and infants with neonatal diarrhoea. J, 
Hyg., 50, 209-228. 

Taytor, C. B. 1941 The types of coliform bacteria in rivers 
and lakes. Proe. Soc. Agr. Bacteriologists (Abst.). Twelfth 
Annual Conference at the Midland Agricultural College, 
pp. 13-15. 

Tuomas, S. B., Hopson, P. M., aNnp Exson, K. 1958 Coli- 
aerogenes bacteria from dairy equipment and raw milk. J. 
Appl. Bacteriol., 21, 58-64. 

Witurams, D. J. 1956 The associative growth of some 
thermoduric bacteria in pasteurized milk. J. Appl. Bae- 
teriol., 19, 185-193. 

Witson, G. S., Twiec, R. 8., Wricut, R. S., HeENpry, C. B., 
CowE LL, M. P., anp Mair, I. 1935 The bacteriological 
grading of milk. Med. Research Council, Spec. Rept. 
Ser. No. 206. London, England. 








Foc 
Salme 
presel 
fracti 
enricl 
of iso 
To re 
tion ¢ 
result 
nants 
Salm 


\ which 


medit 
then 
Salme 
Sal 
even 
on st 
obtain 
are U 
Dupli 
result 
for e} 
do no 
xz C 
the 4: 
coloni 
monel 
colifo 
be fou 
actua 
An 
undet 
increg 
isolat 
select 
accon 
Posto 
terial 
antise 
conce 
Wh 
the ay 
Tl 


compa 





VOL. 8 


, A. 8, 
foods, 
ar. 


id ed, 


1947 
ta coli 


sliform 


lution; 
animal 
igland. 
and vi- 
—239. 

eces of 
ea. J, 


1 rivers 
Twelfth 
Sollege, 


§  Coli- 
ilk. J. 


' 
f some 


a1. Bae- 


, CB 
ological 
. Rept. 





Agelutinating Antiserum for the Isolation of Salmonella with Special 
Reference to Isolation from Egg Albumin’ 


H. Sugiyama, G. M. Dack, anp G. Lipprtrz 


Food Research Institute, The University of Chicago, Chicago, Illinois 


Received for publication October 29, 1959 


Food products that are examined for the presence of 
Salmonella usually contain a mixed bacterial flora; when 
present, the Salmonella may represent only a small 
fraction of the total microbial population. Selective 
enrichment broths are used to enhance the possibility 
of isolating Salmonella from these mixed populations. 
To recover the Salmonella, the preferential multiplica- 
tion of the Salmonella in the enrichment broths must 
result in a numerical ratio of Salmonella to “‘contami- 
nants” which permits the growth of at least one 
Salmonella colony among the total isolated colonies 
which develop on the plating medium. If the plating 
medium selectively inhibits some of the contaminants, 
then Salmonella should be recovered from a smaller 
Salmonella to contaminants ratio. 

Salmonella may be present in the enrichment cultures 
even though colonies of these organisms are not found 
on streaked plates. More successful isolations are 
obtained when several different selective plating media 
are used instead of one (Edwards and Ewing, 1955). 
Duplicate streaked plates may show entirely different 
results when incubated at different temperatures; 
for example, 37 and 43 C. If the coliforms present 
do not grow well at the higher temperature, then the 
37 C plate may be negative for Salmonella whereas 
the 43 C plate may have an abundance of Salmonella 
colonies. When mixtures of pure cultures of a Sal- 
monella and a coliform are prepared to give a very high 
coliform to Salmonella ratio, no Salmonella colonies may 
be found on the streak plates, although the mixture may 
actually contain thousands of Salmonella per ml. 

Any method which would consistently recover these 
undetected Salmonella in the enrichment broth would 
increase the sensitivity of the isolation procedure. The 
isolation of Brucella from feces without the use of any 
selective enrichment broth or plating medium has been 
accomplished by agglutination (Eyre, 1908; Amoss and 
Poston, 1929, 1930). In these instances, the fecal ma- 
terial contained millions of Brucella per gram and the 
antiserum was used for specifically agglutinating and 
concentrating the desired organism before plating. 

Where only a few Salmonella are present in a sample, 
the agglutination of these organisms by the antiserum 

‘This work was supported by contributions from various 
companies and associations of food industries. 


would be unlikely. If, however, the sample is incubated 
in a broth containing Salmonella agglutinating anti- 
serum, the multiplication of the Salmonella should re- 
sult in the formation of Salmonella aggregates which can 
be differentially concentrated by appropriate centri- 
fugation. The removal of the supernatant should leave 
a Salmonella enriched sediment which would be more 
favorable for the desired isolation. 


MATERIALS AND METHODS 


The agglutinating antisera used in the experiments 
involving known Salmonella types were prepared in our 
own laboratory (Edwards and Ewing, 1955), although 
a few preliminary experiments were performed with 
commercial antiserum. The antisera were added to the 
culture medium to a final concentration corresponding 
to the highest dilution which gave good tube agglutina- 
tion (1:1000 to 1:4000). The polyvalent Salmonella 
flagellar agglutinating antiserum employed in the 
dried egg white experiments was kindly supplied by 
Dr. P. R. Edwards? and was used at a final concentra- 
tion of 1:400 to 1:500, except where noted. 

Salmonella strains used for the mixture of pure cul- 
tures were stock cultures obtained from several labora- 
tories. Coliforms were isolated from powdered egg 
whites and were selected for their ability to grow well on 
the culture media used. The inocula for the experiments 
with mixtures of pure cultures were prepared so that 
0.1 ml of the mixtures contained several million coli- 
forms and decimally decreasing numbers of Salmonella. 
The actual numbers inoculated were calculated from 
standard plate counts of the 3 to 4-day-old broth cul- 
tures. The experiments were usually done in triplicate. 

The dried egg whites were supplied by Dr. W. I. 
Taylor® or were egg whites in packaged angel food or 
chiffon cake mixes. Sterilized egg albumin was prepared 
by autoclaving in a moisture proof container. The solu- 
bility of this egg albumin was slightly less than that of 
the unautoclaved albumin but still contained the 
factor(s) which interferes with the isolation of Sal- 
monella by the direct enrichment procedure. 

Enrichment in selenite F broth supplemented with 

2Communicable Disease Center, U. S. 
Service, Atlanta, Georgia. 

3 Swift and Company, Chicago, Illinois. 
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cystine (North and Bartram, 1953) followed by streak- 
ing on brilliant green agar was the standard procedure 
of isolation (Taylor, Silliker, and Andrews, 1958) 
against which the efficacy of the antiserum method was 
compared. The antiserum was added to nutrient broth 
or to lauryl tryptose broth; except for the omission of 
lactose, the latter is the medium used for the confirma- 
tory procedure in water analysis. 

In the isolation of Salmonella from egg albumin, six 
1-g aliquots of each sample were tested by each method. 
The addition of this amount to 10 ml of the appropriate 
broth gave a final concentration of 10 per cent egg 
albumin and minimized the amount of polyvalent anti- 
serum needed. To attain end points, some high Sal- 
monella count egg whites were mixed with other sam- 
ples which contained many coliforms but no detectable 
Salmonella. 

The direct method of isolation consisted of dissolv- 
ing the 1-g aliquot in 10 ml of the proper broth. The 
removal of the soluble components of the egg albumin 
which impairs the selectivity of the enrichment broth 
in the centrifugation method (Silliker and Taylor, 
1958) was accomplished by dissolving the egg albumin 
aliquot in 10 ml of saline and centrifuging at maximal 
speed in the International clinical centrifuge (model 
CL)! for 20 min. The supernatant was decanted and the 
sediment suspended in 10 ml of the appropriate broth 
for incubation. 

When the enrichment was in broth containing anti- 
serum, the cultures were centrifuged after 18 hr incuba- 
tion at 37 C. Minimal centrifugation was used to pack 
the agglutinated Salmonella sufficiently so that the 
supernatant could be decanted without losing detectable 
numbers of Salmonel/a. In our clinical centrifuge this 
was 30 sec after reaching full speed. The sediments ob- 


4 International Boston, Massa- 


chusetts. 


Equipment Company, 


TABLE 1 
Isolation of Salmonella typhimurium from nutrient 
broth containing phase 1 and 2 flagellar antisera* 


Inoculum Control Nutrient Broth Containing Antisera 

Sediment 

Coliform S. typhimurium —— a Sediment ype ce 
cystine 

5.9 x 10° 3.4 10° +4++4+ —--- +44+ 44+ 
5.9 X 10° | 3.4 x 10' | +44 | ——— | +44 | +44 
5.9 X 108 3.4 X 108 +++ —— + ttt 
5.9 X 106 3.4 10 +++ ---— +++ +++ 
5.9 X 106 3.4 X 10! +++ —-—--—- +-4+ 44+ 
5.9 X 106 3.4 10° +-—- --- +++ 


a 
* Increasing ratio of coliform to S. typhimurium in mixed 
inoculum. Experiment in triplicate. Selenite-cystine broth 
used as a control. 
+ Streak of supernatant after 18 hr incubation and centrifu- 
gation. 
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tained by centrifugation were suspended in a few ml 
of selenite-cystine broth and streaked on brilliant green 
agar. More selenite-cystine was added to a total of 10 
ml. After 18 hr incubation this “enriched” culture was 
also streaked. 
RESULTS 

The effectiveness of agglutinating antiserum for 
separating out the multiplying Salmonella cells is shown 
in table 1. The proper final concentrations of phase | 
and 2 flagellar antisera of S. typhimurium were added 
to nutrient broth tubes which were then inoculated with 
different ratios of coliform and S. typhimurium cells. 
Selenite-cystine broth tubes were similarly inoculated. 

The addition of specific agglutinating antisera makes 
nutrient broth as effective a medium for isolating 
Salmonella as selenite-cystine broth. The Salmonella 
isolation was not as good when the antiserum was 
added after the mixed inocula had been first incubated 
in plain nutrient broth or when the antiserum was 
added to selenite-cystine broth. Most of the subsequent 
work was done with lauryl tryptose broth instead of 
nutrient broth since the former should have specific 
inhibitory action against the gram-positive rods. 

Experiments with other coliforms and Salmonella 
serotypes (S. oregon, S. newington) indicate that the 
results in table 1 were not an isolated phenomenon pe- 
culiar to the two strains of microorganisms used. So- 
matic antisera were just as effective as flagellar anti- 
sera, but H antisera were preferred since higher titers 
“an be obtained and agglutination is more flocculent 
than with O antisera. 

The presence of egg albumin in the selenite-cystine 


TABLE 2 
Improved Salmonella typhimurium recovery from 
nutrient and lauryl tryptose broths containing 
phase 1 flagellar antiserum* 


Inoculum Recovery of Salmonella 
10% egg albumin in medium 
Sele- Tage 
S. typhi- nite- Nutrient broth | Lauryl tryptose 


Coliform cystine. Sele. | With antiserum | with antiserum 


control nite- aden es ee 
cystine| Sedi- | En- | Sedi- | _En- 
ment |riched+ | ment | riched? 


murtum 


105 +++) +++) +++) t+4+4+/+4+4+/+4++ 


1.7 X 10°|2.6 x 

1.7 X 10°|2.6 X 10§++4++4/———|4+4+4/+4+4+|/4+4+4/4++4+14 
1.7 X 10°|2.6 X 10)+++)/———|+4+4/+4+4+/+4+4/++1t 
1.7 X 10°|2.6 X 10734+++4+/———|+4+4+/+4+4+|/+4+4/4+4++ 
1.7 X 10°|2.6 X 10)+++|———|++4+/+4+4/+4+4/+++ 
1.7 X 10°|2.6 X 10°9———|—-—— ++ -—|4+-—-—|4+44+|-++ 


* Sterilized egg albumin present in 10 per cent concentra- 
tion where indicated; selenite-cystine control has no egg al: 
bumin. Experiment in triplicate. 

+ Sediment obtained by centrifugation after 18 hr incuba- 
tion in antiserum containing broth incubated 18 hr in selenite- 
cystine broth before streaking. 
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enrichment medium makes the recovery of Salmonella 
difficult. The experiments described above suggested 
the possibility that better isolation of Salmonella may be 
possible even in the presence of the inhibitory factors of 
egg albumin. In this case only the phase 1 antiserum was 
used since the S. typhimurium strain was found to be 
stable in this phase. Sterilized egg albumin was used in 
a final concentration of 10 per cent. The direct method 
of isolation was used (table 2). 

In the absence of egg albumin the recovery of S. 
typhimurium from. selenite-cystine broth inoculated 
with a mixture of pure cultures was good. The presence 
of 10 per cent of sterilized albumin markedly reduced 
the effectiveness of the cystine selenite broth as a 
selective enrichment medium. On the other hand, even 
in the presence of egg albumin, good recoveries were ob- 
tained from nutrient broth and lauryl tryptose broth 
containing agglutinating antiserum. 

These results, while suggestive of the sensitivity of 
the antiserum method for the isolation of Salmonella 
from egg albumin, do not prove that the method will be 
effective in the isolation of these organisms from com- 
mercial powdered egg whites which would contain a 
mixed flora. Egg albumin samples of diverse sources 
were, therefore, tested (table 3). The egg albumins 
were (1) added directly to selenite-cystine, column A; 
(2) centrifuged in saline and the sediment incubated in 


TABLE 3 
Recovery of Salmonella from powdered egg albumin by 
different methods. Number of Salmonella positive 
tubes per number of 1-g aliquots tested 


Selenite- Lauryl Tryptose with Antiserum 
Cystine 
Sample No. Uncentrifuged Centrifuged 
Un-| Centri 
yoo fuged | Sedi- En- 2 Com- | Sedi- _En- Com- 
ment riched* binedt | ment riched* | binedt 
A B vs D E F G H 
1 1/6 3/6 5/6 6/6 6/6 5/6 6/6 6/6 
2 2/6 0/6 6/6 6/6 6/6 4/6 6/6 6/6 
3 0/6 2/6 0/6 0/6 0/6 3/6 3/6 4/6 
4f 0/6 2/6 0/6{, 2/6f) 2/6t! 3/6t 3/6t 3 6t 
5 0/6 2/6 1/6 2/6 2/6 1/6 2/6 2/6 
6 1/6 3/6 1/6 2/6 3/6 2/6 4/6 4/6 
i 1/6 3/6 0/6 3/6 3/6 5/6 3/6 5/6 
Ss 1/6 2/6 1/6 3/6 3/6' 3/6 4/6 5/6 
9 1/6 0/6 1/6 1/6 2/6 1/6 3/6 3/6 
10 0/6 0/6 0/6 1/6 1/6 2/6 5/6 5/6 
11 0/6 1/6 1/6 2/6 2/6 2/6 3/6 3/6 
12 2/6 2/6 2/6 3/6 3/6 4/6 4/6 5/6 
Totals...) 9/72) 20/72) 18/72) 31/72, 33/72) 35/72 46/72 51/72 


* Sediment obtained from growth in antiserum-containing 
broth enriched in selenite cystine. 

+ Total number of aliquots positive for Salmonella. 

t Antiserum at 1:200 dilution instead of 1:400. Antiserum 
methods were negative for Salmonella at 1:400 dilution of 
polyvalent antiserum. Salmonella isolated did not agglutinate 
at 1:400 but did at 1:200. 
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selenite-cystine broth (centrifuge method), column B; 
(3) added directly to lauryl tryptose broth containing 
polyvalent flagellar antiserum, column C; (4) centri- 
fuged in saline and the sediment incubated in lauryl 
tryptose broth with antiserum, column F. In methods 
(3) and (4) the sediment obtained by light centrifuga- 
tion after 18 hr incubation in the antiserum containing 
broth was then incubated in selenite-cystine for se- 
lective enrichment, columns D and G. Since D and G 
are the continued analysis of the aliquots started in C 
and I, respectively, the total number of Salmonella 
isolations from the six aliquots per albumin sample by 
the direct or centrifugation methods is tabulated in 
columns E and H. In most instances this is the higher 
of the figures of columns C and D or F and G but this 
is not always the case. For example, with egg albumin 
sample no. 3, three of six cultures are positive in F and 
G, but Salmonella was isolated from four of the 1-g 
portions tested. This is because one culture positive 
from the streak of the agglutinated sediment was 
negative upon enrichment in selenite-cystine broth 
while the reverse occurred with a different g aliquot. 

The inoculated broths were incubated for 18 hr and 
streaked on brilliant green agar plates. Suspicious 
colonies were tested on triple sugar agar slants and 
identified as Salmonella by slide agglutination with 
polyvalent and then group Salmonella antisera. Urea 
breakdown was tested where indicated. 

Comparison of columns A and B supports the results 
of Silliiker and Taylor (1958) that the removal of the 
soluble components prior to incubation in selenite- 
cystine broth improves the recovery of Salmonella 
from egg albumin. The x? analyses show that the 
difference observed would occur by chance in less than 
5 times out of 100. The isolation of Salmonella from 
lauryl tryptose broth containing polyvalent flagellar 
antiserum without initial centrifugation (direct method) 
is superior to that of the uncentrifuged selenite-cystine 
method (A vs C) and is comparable to that by the 
centrifugation method in selenite-cystine broth (B vs 
C). On the other hand, incubation of the centrifuged 
sediment from egg albumin in lauryl tryptose con- 
taining antiserum is superior to incubation of the 
centrifuged sediment in selenite-cystine broth (B vs F, 
95 per cent confidence limits). Subsequent incubation 
of this “specifically agglutinated” sediment in selenite- 
cystine resulted in a slight increase in the number of 
Salmonella recoveries (C vs D and F vs G). The sum 
of all the positive isolations either by the direct streak- 
ing of the agglutinated sediment or by incubation of 
this sediment in selenite cystine broth is significantly 
higher than the Salmonella isolations achieved from the 
direct streaking of the “‘specific sediment” (C vs E 
and F vs H, 95 per cent confidence limits). The total 
isolation resulting from the centrifugation and ag- 
glutination method is markedly superior to that of the 
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isolation by the centrifugation method alone (B vs G, 
99 per cent confidence limits). 
Discussion 

The unsatisfactory status of the methodology for 
the detection of Salmonella in foods is evident in the 
symposium on this topic (Dack, 1955). It is also re- 
flected in the publications concerned with the improve- 
ment of selective enrichment broths (Stokes and Os- 
borne, 1955; Osborne and Stokes, 1955). Extensive 
improvement of selenite F and tetrathionate broths 
would seem unlikely because of the nature of these 
media. The selective enrichment property resides in a 
quantitative difference in the susceptibility of Sal- 
monella and coliforms to the ingredients of these media 
and not in a qualitative difference. The present work on 
the use of specific agglutinating antiserum is an attempt 
to utilize a qualitative difference between these groups 
of microorganisms to improve the isolation of Sal- 
monella. 

The centrifugation method (Silliker and Taylor, 
1958) utilizes a different rationale. The soluble portion 
of the food products is responsible for upsetting the 
selective property of the enrichment broths. Thus, the 
enrichment cultures of the bacteria separated from the 
soluble portion of food product resulted in significantly 
greater detection of Salmonella. The combination of 
centrifugation and specific agglutination results in 
further improvement. 

The probable explanation for the recovery of Sal- 
monella by the antiserum method is the specific ag- 
glutination of the Salmonella as they multiply during the 
incubation in lauryl tryptose antiserum broth. There 
is a differential concentration of the larger and heavier 
clumps of Salmonella organisms during the incubation 
and the following minimal centrifugation. The multipli- 
cation of the other organisms is inhibited by the lauryl 
tryptose broth or compensated for by decanting of the 
supernatant. Thus, there is not only an increase in the 
total number of Salmonella cells but also a relative 
increase in the ratio of Salmonella to coliform as com- 
pared to that in the original sample. The streaking of 
this sediment after suspension should result in a greater 
chance for the detection of Salmonella. 

Selective enrichment media of the usual composition 
can be used for food products if Salmonella multiplica- 
tion is allowed to take place to a sufficiently high level 
prior to inoculation into the enrichment media (Slocum, 
in Dack, 1955). The processing and holding of the food 
product may result in subtle damage to the salmonellae 
which makes them more sensitive to the toxic effect 
of the enrichment broths. A preliminary incubation of 
the sample in a broth containing no toxic agent may 
facilitate the “recovery”? of the Salmonella and result 
in the pre-enrichment suggested by Slocum. While the 
present work was in progress, North and Slocum 
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(personal communication) have found that the re. 
covery of Salmonella from egg albumin can be increased 
by incubating egg albumin in lactose broth for 24 hr 
at 37 C and transferring the resulting growth to a 
selective enrichment broth. The incubation of the egg 
albumin sample in lauryl tryptose antiserum broth 
may be comparable to this pre-enrichment procedure 
with the added advantage of specifically concentrating 
the agglutinated Salmonella in the sediment prior to 
inoculation of the selective enrichment broth. 

Since polyvalent Salmonella agglutinating antiserum 
of adequate titer is not generally available, the use of 
the agglutination method is limited at the present time. 
However, the results presented illustrate the uncer- 
tainty of the methodology for Salmonella recovery 
currently being employed for the examination of egg 
white, and presumably other foods. 

The application of the agglutination principle for the 
isolation of other specific microorganisms from a 
mixed bacterial flora seems possible. Certain difficulties 
may be encountered. If the samples contain other 
organisms which settle rapidly, then the method would 
be less successful. The widespread occurrence of 
organisms which can produce substances which inhibit 
the growth of the desired species, for example, anti- 
bioties against Salmonella produced by coliforms 
(Levine and Tanimoto, 1954) would be another limiting 
factor. If antigens through which the specific agglutina- 
tion is sought are present in both the species to be 
isolated and the other common bacteria in the sample, 
the method would lose its specificity. These possible 
difficulties were not of importance in the present study 
of 12 different egg albumin samples. 


SUMMARY 


The isolation of Salmonella from egg white based on 
the antigenic difference between the Salmonella and 
the other microorganisms present in the inoculum is 
described. The method depends on the incubation of 
the sample in a noninhibitory broth containing Sal- 
monella agglutinins. The sediment obtained from sucha 
culture by minimal centrifugation contains a ratio of 
Salmonella to other bacteria which is more favorable 
for the isolation of Salmonella. The possibility of using 
a similar principle for the isolation of other bacteria 
from a mixed bacterial flora is discussed. 
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Microbiological assays for thiamine, long in use, have 
been supplanted almost entirely by a chemical method. 
Advantages of the microbiological assay over the 
chemical are sensitivity and ease of sample preparation. 


| The two most frequently used microbiological tech- 


niques have employed Lactobacillus fermenti 36 (Sarrett 
and Cheldelin, 1944) and baker’s yeast (AOAC, 1945). 
Recently, Deibel, Evans, and Niven (1957) showed that 
Lactobacillus viridescens could be used. They found this 
bacterium to be adequately specific for thiamine, and 
lower concentrations of the vitamin could be detected by 
this organism than by either L. fermenti or by the 
chemical assay. These investigators prepared samples 
for assay by the technique described for the thio- 
chrome method (AOAC, 1955), but noted that a simpler 
extraction procedure might be adequate. 

This paper deals with a test of the reliability of the 
L. viridescens assay for thiamine. 


EXPERIMENTAL METHODS 


Organism. Lactobacillus viridescens was obtained 
from the American Type Culture Collection as no. 
12706, and was kept as a stock culture by weekly 
transfer in agar stabs as described by Evans and Niven 
(1951) and by Deibel et al. (1957). Stock cultures, 
inoculum, and assay tubes were incubated at 30 C. 

Sample preparation. The extraction procedure 
described in Official Methods of Analysis (AOAC, 1955) 
for samples to be assayed microbiologically for ribo- 
flavin was used. 

Assay medium. A commercial assay medium! was 

1 Bacto LV thiamine assay broth, Difco Laboratories, 
Detroit, Michigan. 


used exclusively in this study. Double strength assay 
broth was dispensed in 5-ml amounts into 18 by 150 
mm matched Pyrex test tubes. Aliquots of the test 
solutions were added, and the volume was brought to 10 
ml with distilled water. The tubes were covered with 
aluminum caps and autoclaved at 10 lb for 6 min. 

Inoculum. A 16- to 20-hr broth culture of L. viri- 
descens (Evans and Niven, 1951; Deibel et al., 1957) 
was harvested by centrifugation, and the cells were 
washed once with 0.9 per cent sterile saline. The washed 
cells were diluted to 70 to 75 per cent transmittaney 
(580 mu) with saline, and each assay tube was seeded 
with one drop of this suspension. 

Measurement of response. Growth was measured 
turbidimetrically? at 580 mu after 16 to 18 hr of incu- 
bation at 30 C. 


2 A Coleman model 14 spectrophotometer was used. Coleman 
Instruments, Inc., Maywood, Illinois. 


TABLE 1 


Recovery of thiamine 


1 ay 





Quantity > | 
Type of Sample Thietine | Aided Gaus Moasnet Recovery 
Foun 
wat ug ug ug ug % 
100.0 | 100.0 97.2 97.2 
100.0 | 100.0 98.9 98.9 
Maearoni, enriched..., 23.8 100.0 | 123.8 | 123.5 | 99.6 
Milk, fortified.......| 12.1 100.0 | 112.1 | 113.7 | 101.4 
Bread, enriched...... 7.8 8.0 15.8 15.1 96.1 
Bread, enriched...... 7.5 16.0; 23.5 | 22.4; 95.3 
Bread, enriched. ..... 7.4 25.0 | 32.4) 33.6) 108.7 
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TABLE 2 


L. HANKIN AND 8S. SQUIRES 


Comparative thiamine assays 


Type of Sample 


Cereal, breakfast, wheat. 


Cereal, breakfast, rice 
Bread, enriched 
Bread, enriched 
Bread, enriched 
Flour, enriched 

Flour, enriched 

Feed, animal 
Macaroni, enriched 
Milk, fortified 


Unit of 


Measurement 


mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
mg 


OZ 
OZ 
lb 
Ib 
Ib 


Nb 


Ib 
Ib 
Ib 
qt 


Lactobacillus 
viridescens 
Assay* 


37 
15 
83 
01 


wwe = 
—— 

S 

ft 


oOo 
1 


the 
a 


Thiochrome 
4 


Assay 


0.33 
0.18 
0.78 
L.11 
1.25 
2.68 
2.55 
6.038 
5.49 
1.51 


* Statistical analysis shows no significant difference be 
tween the means for the two methods. 


TABLE 3 


Thiamine found by the Lactobacillus viridescens assay 


Type of Sample 

Macaroni, enriched 
Macaroni, enriched 
Feed, animal 

Feed, animal 
Multivitamins 
Multivitamins 
Multivitamins 
Multivitamins 


Cereal, mixed, enriched 


Cereal, high protein, enriched 


Cereal, oatmeal, enriched 


Cereal, rice, enriched 


Cereal, wheat, enriched 
Cereal, barley, enriched 


Flour, enriched 
Flour, enriched 
Bread, enriched 
Bread, enriched 
Milk, fortified 
Milk, fortified 
Milk, fortified 


Comparisons 


Days of weighing 
Weighings within days 


Solutions on different days 


Solutions X days 


Claimed 


1-5 mg/Ib 
4-5 mg/Ib 

4 mg/Ib 

4 mg/Ib 

5 mg/capsule 
1 mg/pulvule 
10 mg/capsule 
2 mg/tablet 
0.3 mg/oz 
mg/oz 
0.3 mg/oz 
0.4 mg/oz 
0.15 mg/oz 
0.3 mg/oz 


2-2.5 mg/Ib 
2-2.5 mg/Ib 
1.1-1.8 mg/Ib 
1.1-1.8 mg/Ib 
2 mg/qt 

2 mg/qt 

2 mg/qt 


D.F.+ 


a de DD 


Found 


0.30 
0.45 


om Nw NS 
S — 
_ — 


won = 
. mo 
=) 
ro 


IVOL. 8 


RESULTS 

Samples of commercial products of interest in this 
laboratory were selected for test. These samples also 
offered a fairly wide variety of types of produets 
routinely assayed for thiamine. Recovery of thiamine 
added to certain of these samples is shown in table |, 
A comparison of data obtained by both the L. viri- 
descens and the thiochrome methods is presented jin 
table 2. Samples assayed by the thiochrome method 
were prepared as outlined in Official Methods of Analysis 
(AOAC, 1955); those for the L. viridescens assay were 
prepared as noted above. Table 3 shows the thiamine 
content of products tested by the L. viridescens assay 
in comparison with their claimed or required potency, 

To secure a statistical evaluation of the method, 
three of these samples were selected and assayed in 
such a way that interactions could be tested. Each 
sample was weighed or pipetted in duplicate on differ- 
ent days, giving a total of four separately measured 
aliquots of each test material. The test solutions pre- 
pared from these aliquots were assayed on three differ- 
ent days. In this manner, interactions between days, 
solutions tested on different days, and weighings within 
as well as between days could be estimated. The anal- 
ysis of variance is shown in table 4. 


Discussion 


Thiamine hydrochloride or thiamine mononitrate is 
most often used for the enrichment of commercial 
products. Thus, if the vitamin is not tightly bound to 
the product, a simple extraction technique, such as 
that employed for preparing the samples to be assayed 
microbiologically for riboflavin, can be used. For some 
samples, such as animal feeds, the thiamine may be 
added as a natural product, and for this type of sample 
a more elaborate extraction procedure may be required 
Such was not the case for the feeds tested. The extrae- 
tion procedure used in this study appears to have been 
quantitative. The use of the riboflavin extraction pro- 
cedure to extract thiamine was found to be satisfactory 


TABLE 4 


Analysis of variance* 


Sample A 


M.S.+ 


0.0331 
0.0554 
0.0194 
0.0063 


Sample B Sample C 
Ft M.S. F M.S. F 
2.58 0.3745 10.54 0.2352 5.76t 
4.31 0.0269 0.76 0.0434 1.06 
0.0347 0.0654 
0.0364 0.0162 


* Sample A was a rice type enriched breakfast cereal, sample B was enriched bread, and sample C was vitamin and mineral 

fortified milk. 
+ D.F. denotes degrees of freedom, M.S. denotes mean square, and F is variance ratio. 
¢ F values computed with combined mean squares from last two rows in table. 
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as shown by the recovery of added thiamine to test 
samples (table 1). Table 2 shows that this extraction 
method recovers thiamine as effectively as the procedure 
used in the thiochrome assay. Statistical evaluation 
of the data shows no significant difference between 
the means for the two methods. 

Interactions noted in table 4 show that in every 
case there was no significant difference between the 
same solutions tested on different days or between 
weighings within days. Some significance was noted 
between days of weighing in two of the samples ex- 
amined. One was significant at the 5 per cent level; 
the other at the 1 per cent level. This is not considered 
excessive in view of the nature of the samples. 

When samples were treated with sodium sulfite, as 
(AOAC, 


1945), there was no growth response from L. viridescens. 


described in Official Methods of Analysis 


This observation indicates that the organism is not 
able to utilize the pyrimidine and thiazole moieties of 
thiamine, a conclusion in agreement with the data of 
Deibel et al. (1957). A useful procedure for the detection 
of unknown growth stimulants in the presence of 
thiamine is thus provided. 

The data suggest that the L. viridescens assay for 
thiamine may be used with assurance for the routine 
analysis of enriched and fortified products. 
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SUMMARY 


The Lactobacillus viridescens assay for thiamine has 
been studied and found to be satisfactory. Enriched 
and fortified products can be prepared for assay by 
extraction techniques presently employed for riboflavin. 
A statistical evaluation was made of the assay. The 
use of this assay for routine analysis for thiamine in 
enriched products is recommended. 
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In a natural silage fermentation, the mass is acidified 
by lactic and acetic acid forming bacteria that ferment 
sugars in the plant material. When forage is ensiled the 
plant cells continue to respire for a time, using up the 
oxygen and giving off COQ. and heat. As conditions be- 
come favorable, acid producing bacteria increase 
rapidly and, at the end of 3 or 4 days, each gram of 
silage will contain several hundred million bacteria. 
These organisms produce acid until the sugar is ex- 
hausted or until the pH becomes unfavorable for further 
growth. 

A recent study (Langston et al., 1958) on the micro- 
organisms in orchard grass and alfalfa silages showed 
that the total numbers of acid producing bacteria had 
little bearing on the final quality. The increase in num- 
bers of these organisms showed similar trends in all 
silages studied. The counts reached about the same 
maxima in both good and poor quality silages, and the 
few silages that had relatively high initial counts of 
acid producing bacteria were no better in quality than 
those with few or none. The difference in quality of the 
silages was correlated directly with the appearance and 
increase of sporeforming anaerobes. The poor quality 
silages had high numbers of these organisms. 

It is not clearly understood why some silages show a 
rapid drop in pH and others yield only a limited amount 
of acids. The carbohydrate source, however, is not 
always the limiting factor. Various reasons have been 
put forth to account for the variability in acid produc- 
tion. They are: (1) variability in sequence changes of 
microorganisms, (2) antagonism among certain groups 
of bacteria early in the fermentation process, (3) defi- 
cient nutrients in the plant material for bacterial 
growth, and (4) occurrence of weakened strains of 
bacteria. 

Although the preservation of forage by natural fer- 
mentation is an old and useful method of preserving 
fodder, little work has been done to characterize the 
types of organisms responsible for the acid production. 
Many of the early workers investigating the micro- 
organisms in silage spoke only generally of “‘lactic 
ferments” or “acidifying bacteria.” 

The object of this study was to learn more about the 
types and occurrence of microorganisms in silage and 
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their taxonomical relationship. The data presented are 
the results of detailed colonial, morphological, and 
physiological studies on the cocci important in the 
silage fermentation. 


MATERIALS AND METHODS 


Preparation of silages and techniques used in iso- 
lating and grouping the lactic acid bacteria from the 
silages have been outlined in an earlier publication 
(Langston ef al., 1958). 

This phase of work includes detailed studies on repre- 
sentative strains of lactic acid bacteria obtained from 
30 silages. The strains were picked from highest dilution 
roll tubes (Trypticase)! and plates (Rogosa et al., 1951). 

Preliminary grouping was based on the following 
tests: Gram stains, catalase production, growth at 
45 C, growth in 6.5 per cent of sodium chloride, hy- 
drolysis of arginine, reduction of nitrate, production of 
gas from glucose, and reaction in litmus milk. 

About 440 strains from the 3142 isolates grouped as 
indicated above were chosen for further study. The 
strains were replated at least twice to insure purity and 
all tests were standardized as far as possible. Unless 
otherwise stated, the media were inoculated with one 
drop of culture (18 to 20 hr incubation) that had been 
transferred 2 or 3 times in tomato juice glucose broth. 
Except for temperature studies all tests were incubated 
at 30 C. 


All of the strains studied were gram-positive and 


nonsporeforming. During the preliminary study, several 
strains were observed to produce catalase and reduce 
nitrate. Some of these strains were chosen for detailed 
study. This proved to be a judicious choice because, as 
will be shown later, most of the strains that had these 
variable characteristics were similar in most respects 


to the true lactic acid bacteria. Characteristics studied: | 


1. Colony formation. Colony formation (arrange- 
ments, size, and color) was observed with the aid of a 
wide-field microscope. 

2. Gram stain (Burke modification), form, size, and 
arrangement of cells. Smears were made from 18 to 24-hr 
cultures grown in tomato juice glucose broth and semi- 


1 Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 
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solid deeps. Tomato juice glucose broth had the follow- 
ing composition and will be designated as medium A: 
Trypticase, 10 g; phytone, 5 g; yeast extract, 5 g; glu- 
cose, 5 g; sodium chloride, 5 g; potassium phosphate 
(dibasic), 1.5 g; ‘“T'ween 80” (sorbitan monooleate),? 
0.5 ml; tomato juice, 200 ml; bromeresol purple, 0.016 g; 
and distilled water to make 1 L. The medium was 
adjusted to pH 7 and dispensed into test tubes in 9-ml 
quantities. It was autoclaved at 15 lb pressure for 15 


' min. The semisolid medium was similar to medium A 


with the addition of 5 g agar and deletion of the brom- 
cresol_ purple. 

3. Motility. Hanging drop slides and in some cases 
semisolid medium were used to detect motility. Flagella 
stains were prepared in the following manner: Cells 
were washed from the surface of slants with saline solu- 
tion (0.85 per cent) centrifuged twice, and made to a 
slightly cloudy suspension with distilled water. The 
slides were prepared and stained by the method de- 
scribed by Leifson (1951). Best results were obtained 
with cells 8 to 12 hr old. The slant medium was similar 
to medium A with the deletion of bromcresol purple 
and the addition of 15 g of agar. 

4. Catalase production. Catalase production was de- 
termined on broth cultures and on agar streak plates 
containing low carbohydrate (0.05 per cent). The broth 
and plating media were similar to medium A. To deter- 
mine catalase from cultures growing in broth, a few 
drops of the broth were transferred to a spot plate and 
3 per cent hydrogen peroxide was added. The evolution 
of gas constituted a positive test. Precautions should 
be taken in reading tests, especially when the cultures 
are weakly catalase positive. Flaming of the pipette 
before transferring the culture to the spot plate should 
be avoided and the test should be observed for at least 
jmin before discarding. Streak plates were flooded with 
3 per cent hydrogen peroxide and observed for gas 
evolution. Strains that produced catalase 
showed greater activity on plates than in broth. 

5. Production of gas. To detect gas, medium A was 
used with the following modifications: Bromcresol 
purple was deleted, glucose increased to 20 g, and 20 g 
of agar added. The medium was dispensed into test 
tubes in 7-ml quantities. An agar layer (2 per cent) and 
oil seal were used to prevent loss of gas. Heavy inocula- 
tions were made and the tubes were incubated for 2 
weeks. It was not uncommon for some cultures to push 
the agar and oil layers to the top of the tubes. 

6. Growth at 15 C and 45 C. Medium A was used with 
the following modifications: Five grams of agar were 
added; the tomato juice was filtered, and bromcresol 
purple deleted. The medium was dispensed in 9-ml 
quantities into test tubes. After sterilization and inocu- 
lation (inoculating loop), the tubes were sealed with 
tubber stoppers to avoid evaporation. A water bath 


always 


* Atlas Powder Company, Wilmington, Delaware. 
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was used to determine growth at 45 C (1 week of incu- 
bation) and growth at 15 C (2 weeks’ of incubation) 
was determined in a Cenco?’ refrigerating incubator. 

7. Growth in 6.5 per cent of sodium chloride. The or- 
ganisms were tested for their ability to grow in sodium 
chloride in medium A. The salt concentration was in- 
creased from 5 g to 65 g per L. The medium was dis- 
pensed in 9-ml quantities into test tubes and incubated 
for 2 weeks. 

8. Growth at pH 9.6. After the medium was auto- 
claved and dispensed in 9-ml quantities into test tubes, 
sterile sodium hydroxide was added aseptically to pro- 
duce the desired pH. The tubes were incubated for 2 
weeks. 

9. Reduction of 0.1 per cent methylene blue. Skimmed 
milk! containing 0.1 per cent methylene blue was inocu- 
lated with test cultures and observed for changes from 
light blue to colorless. The incubation period was for 
1 week. 

10. Reaction in litmus milk. Litmus milk! was inocu- 
lated with test cultures and incubated 1 month. Tubes 
were examined and medium changes recorded at 24 hr, 
48 hr, 1 week, and 1 month. 

11. Final acidity in skimmed milk. Dehydrated 
skimmed milk! was reconstituted, dispensed in 9-ml 
quantities into test tubes, sterilized, and inoculated with 
test cultures. After 1 month of incubation, the contents 
of the tubes were washed into small beakers. Clots when 
formed were broken up by magnets kept in motion by 
a Mag-mix.t The pH was recorded and titration values 
obtained by titrating electrometrically to the phenol- 
phthalein end point with x/10 NaOH. Acid values from 
the controls were substracted from the cultures to ob- 
tain correct acidity values (acidity values are expressed 
as per cent lactic acid). A Beckman® pH meter was used. 

12. Final acidity in glucose broth. Procedures for ob- 
taining final acidity values in glucose broth were essen- 
tially the same as those described for skimmed milk. 
The medium had the following composition: Trypti- 
case, 10 g; yeast extract, 5 g; NaCl, 5 g; glucose, 20 g; 
and distilled water to make 1 L. The medium was ad- 
justed to pH 7 and dispensed into test tubes (18 by 
150 mm) in 15-ml quantities. The tubes were inocu- 
lated with test cultures and incubated for 2 weeks. 

13. Production of ammonia from arginine. The 
method and medium described by Niven et al. (1944) 
was used to determine ammonia production from ar- 
ginine. After 3 days of incubation, ammonia was de- 
tected by placing 3 or 4 drops of culture into a spot plate 
and adding 1 drop of Nessler’s reagent. 

14. Production of acetylmethylearbinol. Test cultures 
were inoculated into the following medium: polypep- 
tone,' 7 g; glucose, 5 g; potassium phosphate (dibasic), 


3 Central Scientific Company, Chicago, Illinois. 
4 Precision Scientific Company, Chicago, Illinois. 
5 Beckman Instruments, Ine., Fullerton, California. 
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5 g; and distilled water to make 1 L. The pH of the 
medium was adjusted to 7.0. After inoculation the tubes 
were incubated 48 hr. To detect acetylmethylearbinol, 
1 ml of culture was placed in a test tube and 0.6 ml of a 
5 per cent a-naphthol solution in 100 ml of aleohol and 
0.2 ml of 40 per cent potassium hydroxide were added. 
The development of a red color in the mixture from 2 
to 4 hr constituted a positive test. No tubes were read 
later than 4 hr after the addition of the reagents. 

15. Gelatin liquefaction. Cultures were inoculated into 
tubes of gelatin medium that had the following composi- 
tion: Beef extract, 3 g; peptone, 5 g; gelatin, 120 g; and 
distilled water, 1 L. The pH of the medium was adjusted 
to 7.0. After 48 hr incubation the tubes were chilled to 
determine if the gelatin had been liquefied. 

16. Production of mucoid colonies on 10 per cent 
sucrose plates. The medium described by MeCleskey et 
al. (1947) was used to determine dextran production. 

17. Nitrate reduction. Nitrate reduction was deter- 
mined after incubation for 3 days in indole-nitrate 
medium.' Tests were made for nitrite and residual 
nitrate. 

18. Indole test. The test for indole was carried out in 
indole-nitrate medium! after 24 and 48 hr incubation. 
Kovacs reagent was used to determine indole produc- 
tion. 

19. Carbohydrate fermentations. Fermentation reac- 
tions were carried out in the following basal medium: 
Trypticase, 10 g; yeast extract, 5 g; NaCl, 5 g; and dis- 
tilled water to make 1 L. Substrates were added at the 
1 per cent level. Rhamnose, glucose, lactose, sucrose, 
trehalose, raffinose, melezitose, starch, dextrin, inulin, 
salicin, esculin, sodium hippurate, glycerol, mannitol, 
inositol, sorbitol, and sodium lactate were sterilized with 
the base. Arabinose, xylose, ribose, fructose, galactose, 
mannose, sorbose, maltose, cellobiose, and melibiose 
were sterilized separately (Seitz filtration) and added to 
the autoclaved base. The material was then tubed 
aseptically into test tubes in 7-ml quantities. The tubes 
were incubated for 2 weeks. Fermentation reactions 
were detected through the use of a Beckman pH meter. 

Hydrolysis of sodium hippurate was detected by 
adding 0.5 ml of 50 per cent sulfuric acid to 2 ml of 
culture. Appearance of benzoic acid crystals constituted 
a positive test. Hydrolysis of esculin was determined by 
adding 0.5 ml of ferric citrate to 7 ml of culture. The 
typical blackening reaction of the medium constituted 
a positive test. 

20. Fermentation products. Strains of lactic acid bac- 
teria were grown in medium similar to that described 
by Harrison and Hansen (1950b). However, the glucose 
was sterilized separately and added to the autoclaved 
base and tomato juice was deleted except in cases where 
acid production was very low. Initial and residual glu- 
cose was determined by the anthrone method described 
by Morris (1948). Aliquots of the medium were acidified 
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to pH 1.0 with concentrated sulfuric acid and extracted 
with anhydrous ether for 36 hr in a water bath at 60 C 
(Langston, 1955). Aliquots of the extract were titrated 
to determine total acids produced and a fraction was 
removed for chromatographic analysis of the individual 
acids. Butyric, propionic, acetic, formic, succinic, and 
lactic acids were determined by a method similar to the 
one described by Neish (1950). 

The remaining acid solution was brought to about 
half volume on the steam bath, boiled for a few minutes, 
and neutralized with zine carbonate (Brin et al., 1952), 
The zine lactate crystals were usually collected in three 
fractions and characterized by the water of crystalliza- 
tion and optical rotation. 

RESULTS 

The genera Streptococcus and Leuconostoc are of prime 
importance in many phases of agriculture and industry 
from a standpoint of desirable or undesirable fermenta- 
tions. The genus Streptococcus includes the homofer- 
mentative coeci which produce primarily dextro-lactic 
acid as a by-product of glucose fermentation. Sherman 
(1937) separated the streptococci into four groups on 
the basis of certain physiological characteristics. In 
contrast, the genus Leuconostoc includes the hetero- 
fermentative cocci which usually produce a_ limited 
amount of levo-lactic acid, COs, acetic acid, and alcohol 
from glucose. Three species have been recognized in the 
genus Leuconostoc (Hucker and Pederson, 1930). 

The lactic acid producing cocci from the forages were 
identified and divided into five more or less distinct 
groups. Included were strains of (a) Streptococcus fae- 
calis, (b) Streptococcus liquefaciens (Streptococcus faecalis 
var. liquefaciens), (c) Leuconostoc mesenteroides, (d) 
variable Leuconostoc (Leuconostoc, type I), and (e) 
Pediococcus. All cultures had the following charac- 
teristics in common: colonies were usually small and 
subsurface and the commonly observed forms were 
lenticular or circular. The margin of the colonies were 
usually entire although some were slightly wavy or un- 
dulate. Surface colonies were uniform, smooth, and 
round. Most of the colonies observed had a whitish to 
grayish appearance. All strains were facultative anaer- 
obes, gram-positive, and nonsporeforming. Growth on 
the surface of agar slants was thin to moderate. None 
of the strains reduced nitrate to nitrite or produced 
indole. (a) S. faecalis and (b) S. liquefaciens were usually 
oval shaped and occurred singly, in pairs, and some- 
times short chains (4 to 6 cells). They averaged about 
0.7 u by 0.8 to 1.1 uw. None of the strains produced gas 
from glucose or dextran on 10 per cent sucrose agar and 
no catalase was observed. All of the cultures produced 
ammonia from arginine, grew in 6.5 per cent of sodium 
chloride and at pH 9.6, and reduced 0.1 per cent methyl 
ene blue in milk. 

(a) Streptococcus faecalis. The strains of S. faecalis 








1960 


were 
redu 
and 
They 
grow 
The 
(avg 
Titr: 
milk 
0.66 

Al 
fruct 
lose, 
man 
sucr' 
tom 
mele 
sodit 

D 
of g 
S. fa 
of tl 
Trac 
clude 

(b 


Arab 
Xylo: 
Ribo: 
Rhan 
Glue 
Fruet 
Mant 
Gala 
Malt 
Lact 
Suerc 
Treh; 
Cello 
Melit 
Raffin 
Mele; 
Stare 
Dext: 
Salici 
Eseul 
Sodiu 
Glyee 
Mant 

Inosi 

Sorbi 


Nc 





VOL. 8 


acted 
60 C 
trated 
Was 
vidual 
*, and 
to the 


about 
nutes, 
1952). 
| three 
alliza- 


prime 
dustry 
nenta- 
mofer- 
)-lactie 
Jerman 
ups on 
ics. In 
hetero- 
limited 
alcohol 
1 in the 
)). 

es were 
listinet 
sus fae- 
faecalis 
les, (d) 
nd (e) 
charac- 
all and 
1S were 
es were 
y or un- 
th, and 
itish to 
> anael- 
ywth on 
e. None 
roduced 
- usually 
d some- 
d about 
iced gas 
war and 
roduced 
sodium 
methyl- 


faecalis 








1960] 


were further characterized by their ability to completely 
reduce litmus milk prior to acidification and curdling, 
and most of the strains produced acetylmethylearbinol. 
They grew at 15 C and eight of the 13 strains showed 
growth or slight growth at 45 C. None liquefied gelatin. 
The final pH in glucose broth ranged from 3.8 to 4.3 
(avg 4.2), and in skimmed milk, 4.4 to 5.8 (avg 4.8). 
Titratable acidity values in glucose broth and skimmed 
milk ranged from 0.40 to 0.86 (avg 0.55) and 0.13 to 
0.66 (avg 0.46), respectively. 

All of the strains (table 1) fermented ribose, glucose, 
fructose, mannose, galactose, maltose, lactose, treha- 
lose, cellobiose, dextrin, salicin, esculin, glycerol, and 
mannitol; most fermented arabinose, xylose, rhamnose, 
sucrose, starch, and sorbitol. They varied with respect 
to melibiose and raffinose and none fermented sorbose, 
melezitose, inulin, hippurate, 
sodium lactate. 


sodium inositol, or 

Dextro lactic acid (table 2) was the main by-product 
of glucose fermentation produced by three strains of 
S. faecalis. Recoveries showed that 91.2 to 96.0 per cent 
of the glucose fermented was converted to lactic acid. 
Traces of other products were also formed. These in- 
cluded propionic, acetic, formic, and succinic acids. 

(b) Streptococcus liquefaciens. S. liquefaciens acidi- 
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fied, curdled, and peptonized litmus milk. The litmus 
was completely reduced prior to curdling. All strains 
liquefied gelatin, produced acetylmethylearbinol, and 
grew at 15 C and 45 C. 

Final pH values in glucose broth ranged from 4.2 to 
4.3 and titratable acidity values from 0.47 to 0.61 
(avg 0.55). Carbohydrate fermentations (table 1) were 
similar to those of S. faecalis with the exception that S. 
liquefaciens failed to ferment arabinose but did ferment 
melezitose and sodium hippurate. 

Streptococcus liquefaciens gave a carbon distribution 
(table 2) similar to that of S. faecalis, however, two of 
the strains studied produced inactive lactic acid. Al- 
though organisms in this group usually produce dextro- 
lactic acid, it is not unusual for strains to produce a 
mixture of the dextro- and levo- types (Long and 
Hammer, 1936). The two strains that gave inactive 
lactic acid were replated and picked to insure purity 
and the by-products redetermined. This procedure was 
repeated twice and in each trial inactive lactic acid was 
obtained. 

The strains of S. faecalis and S. liquefaciens described 
here are generally in close agreement with earlier de- 
scriptions presented by Sherman et al. (1937), Smith and 
Sherman (1942), Harrison and Hansen (1950a) and as 


TABLE 1 
Final pH of broth cultures after 14 days of incubation at 30 C 


Streptococcus faecalis 


Substrate pH 
Culture reaction 
Range 

Arabinose 1—; 12+ 4.3-5.8 
Xylose. 3—; 10+ 4.3-5.1 
Ribose. 13+ 4.3-4.5 
Rhamnose. . 2—;11+ 4.6-5.5 
Glucose. . 13+ 4.0-4.3 
Fructose. . 13+ 4.0-4.4 
Mannose... . 13+ 3.9-4.5 
Galactose. .. 13+ 3.84.6 
Maltose..... 13+ 4.1-4.6 
Lactose....... 13+ 4.4-5.0 
Sucrose... .. 3-—; 11+ 4.1-4.5 
Trehalose. . 13+ 3.9-5.0 
Cellobiose..... 13+ 4.1-4.5 
Melibiose.... 5-—; S+ 4.4-5.2 
Raffinose..... ; 6-—; 7+ 4.3-5.5 
Melezitose..... 13-— 

Starch. 1—; 12+ 4.6-5.6 
Dextrin. . 13+ 4.3-5.6 
OS ee 13+ 4.2-4.6 
Eseulin . . 13+ 

Sodium hippurate a 13— 

Glycerol... 13+ 5.4-5.8 
Mannitol. . . 13+ 4.4-5.0 
Inositol... ..... £3 13— 

Sorbitol. . 4—; 9+ 5.0-5.2 


None of the strains fermented sorbose, inulin, or sodium lactate. 
, 


Streptococcus liquefaciens 


Basal Medium 
pH 


pH 
———. Culture reaction 
Avg Range Avg 
4.6 7- 6.4 
4.7 6—;1+ 4.3 6.4 
4.4 7+ 4.3-4.5 4.4 5.4 
5.1 1—; 6+ 5.1-5.6 5.4 6.7 
4.1 7+ 4.0-4.2 4.1 6.7 
4.2 7+ 4.0-4.2 4.1 6.6 
4.2 7+ +.0-4.1 5 6.8 
4.4 7+ 4+.1-4.7 4.5 6.7 
4.4 7+ 4.2-4 4.3 6.8 
4.6 7+ 4.8-4.9 4.9 6.9 
4.4 7+ 4.44.7 4.6 7.0 
4.5 7+ 4.3-4.9 4.8 7.0 
4.3 7+ 4.3-4.5 4.4 6.9 
4.0 6-—;14+ 4.3 6.9 
5.2 6—;14+ 4.6 7.0 
i+ 4.2-4 4.6 7.0 
5.0 7+ 5.0-5.7 5.4 cm 
5.0 7+ 5.0-5.2 5.1 7.0 
4.5 7+ 4.3-4.5 4.4 7.0 
t+ 
7+ 
5.6 7+ 4.8-4.9 4. 7.0 
4.7 7+ 4+.6-4.8 4.7 7.0 
3—;4+ 4.3-5.7 5.0 7.0 
5.1 7+ 4.5-5.0 4.6 7.0 
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given in Bergey’s Manual of Determinative Bacteriology 
(Breed, Murray, and Smith, 1957). 

The heterofermentative cocci studied were divided 
into 2 groups mainly on the basis of dextran production. 
Strains of L. mesenteroides produced this material 
readily. A closely related group (Leuconostoc, type I) 
produced dextran only after serial transfers in enriched 
media. 

(ec) Leuconostoc mesenteroides. Cells of L. mesente- 
roides were usually oval to slightly elongated and oc- 
curred singly, in pairs, and short chains. They averaged 
about 0.7 to 0.8 uw by 1.2 uw. It was not uncommon to find 
elongated cells up to 3 or 4 u in length. The strains pro- 
duced gas from glucose, grew at 15 C and 45 C and in 


TABLE 2 


Per cent acids and optical type of lactic acid produced 
by Streptococcus 


P Per Cent Fermented Glucose Converted to : 
Cent Optical Type 
ae (= | a ae ta wee — 
cies Fer- |Buty-| Pro- |acetic| Formic | SUS | Lactic iets 
ric ionic | = cinic = Produced 
mented acid Pacid, acid acid | acid acid 
; ea we Streptococcus faecalis 
T-10 51.8 0 0.5 | 1.1 | 0.6 1.5 | 91.2 | Dextro 
T-16 47.8 0 0 2.0 | 0.4 0.5 | 96.0 | Dextro 
T-843 | 45.5 | 0 | 0 0 0.3 1.5 | 91.8 | Dextro 
Streptococcus liquefaciens 
T-848 | 49.3 0 0 0.4 | 0.4 0 92.1  Dextro 
T-865 | 51.2; 0 |0 0 0.02 | 0.5 | 92.2 | Inactive 
0 95.5 Inactive 


T-873 | 41.6 | 0 | 0.2 | 0.8 | 0.03 
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6.5 per cent of sodium chloride. Only slight acid reac. 
tions were observed in litmus milk. Final pH and titrat- 
able acidity values in glucose broth ranged from 4.1 to 
4.4 (avg 0.43) and 0.41 to 0.63 (avg 0.53), respectively, 
None of the cultures produced ammonia from arginine, 
acetylmethylearbinol, liquefied gelatin, or grew at 45 C, 
The unusual feature of this group was the ability of 
some strains to produce catalase. Five of the 10 strains 
studied exhibited this property. Weak catalase reactions 
were first observed in tomato juice glucose broth. When 
the strains were streaked on low carbohydrate medium 
(0.05 per cent glucose) they gave a relatively strong 
reaction. Two strains that failed to produce catalase in 
the tomato juice glucose broth gave a positive reaction 
on the low carbohydrate medium. Some of the cultures 
exhibited a ‘“‘delayed reaction” in production of Oy 
following the addition of hydrogen peroxide. The test 
material should be observed for several minutes before 
recording results. Visual observations indicated that the 
amount of gas evolution by the more active strains of 
Leuconostoc was similar to that produced by cultures of 
Pediococcus. Catalase production by organisms in this 
genus comes as no surprise since various workers have 
shown that other facultative lactic acid producing bac- 
teria (pediococci, lactobacilli) exhibit this property. 
Two colonial types were observed when strains of L. 
mesenteroides were streaked on 10 per cent sucrose agar. 
The colonies resembled type B and D described by 
McCleskey et al. (1947). Although, they noted varia- 


TABLE 3 


Leuconostoc mesenteroides 


Substrate pH 


Sy Ae ok ger eae pore 3—; 7+ 4.3-4.9 
BRM Bie ohn is Sisieain sb 25 sins ave 3 10+ 4.4-5.1 
Re Ee ene en 5-—; 5+ 4.2-5.5 
en Ce ete Ee 10+ 4.0-4.4 
Soe Se ner 10+ 4.2-4.5 
ND ere oS 6k is 0 10+ 3.7-4.5 
SN coc laaix bin dh ain bE SS 10+ 4.2-4.7 
MR, a ey ew web 10+ 3.6-4.4 
SE EERE rere eee 2-; 8+ 4.3-5.1 
(ee eae eee en 10+ 4.2-4.5 
Eee ae ee 10+ 4.0-4.4 
0 TN Seer ere 2-—; 8+ 4.4-4.9 
A re 3-—; 7+ 4.3-4.7 
Ee oho aks Ge ate 3-—; 7+ 4.3-4.5 
lon esta oi sco e 10— 

Se ee eae a 10— 

ee = LY Bait a 6 ; 10+ 4.3-4.7 
RTE ies leis Risks en So Ae 10+ 

CS ee er 3—; 7+ 4.8-5.2 


None of the strains fermented rhamnose, sorbose, melezitose, inulin 
lactate. 


Final pH of broth cultures after 14 days of incubation at 30 C 


Leuconostoc Type I 


: ; | Basal Medium 
pH pH 
Culture reaction |——-——— — — 
Avg Range | Avg 
4.5 10—; 33+ 4.0-4.6 4.4 6.4 
4.8 21—; 224 4.1-4.9 4.3 6.4 
4.6 4—; 39+ 4.3-4.9 4.7 5.4 
4.3 43+ 4.0-4.7 4.3 6.7 
4.4 1—; 42+ 4.2-5.6 4.4 6.6 
4.3 43+ 4.1-4.8 4.4 6.8 
4.4 43+ 4.1-5.4 4.4 6.7 
4.3 4—; 39+ 4.0-4.5 4.2 6.8 
4.6 8—; 35+ 4.1-5.5 4.6 6.9 
4.4 4—; 39+ 4.1-4.7 4.4 70 
4.3 43+ 4.0-4.7 4.3 7.0 
4.6 13—; 30+ | 4.0-4.8 4.4 6.9 
4.5 4—; 39+ 4.1-4.6 4.3 6.9 
4.4 11—; 32+ 4.1-5.6 4.5 7.0 
37-—; 6+ 5.2-5.9 5.4 4.3 
32—; 11+ 5.2-5.6 5.4 7.0 
4.5 20—; 23+ 4.3-5.4 4.9 7.0 
19—; 24+ 
5.0 14—; 29+ | 4.6-5.2 5.0 7.0 








, sodium hippurate, glycerol, inositol, sorbitol, or sodium 
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tions in fermentation reactions that we did not observe. 
Carbohydrate fermentations (table 3) were almost 
identical with those described in Bergey’s Manual 
(Breed et al., 1957) for L. mesenteroides. All strains 
fermented xylose, glucose, fructose, mannose, galactose, 
maltose, sucrose, trehalose, salicin, and esculin. They 
varied but usually fermented arabinose, ribose, lactose, 
cellobiose, melibiose, raffinose, and mannitol. None of 
the strains fermented rhamnose, sorbose, melezitose, 
starch, dextrin, esculin, sodium hippurate, glycerol, 
inositol, sorbitol, or sodium lactate. 

Strains of L. mesenteroides converted less than 43 per 
cent of the glucose fermented to lactic acid (table 4). 
Acetic and traces of other acids were also found. All of 
the cultures tested produced the levo- form of lactic 
acid. 

(d) Leuconostoc, type I. Leuconostoc, type I, showed 
greater morphological variation than was found with 
L. mesenteroides. The cells varied from about 0.4 to 0.7 
u by 0.8 to 4 uw. Under some conditions of growth it was 
dificult to determine if the organisms were actually 
cocci or rods. Cultures grown in stabs were usually more 
coccoid in shape than those grown in broth. This rela- 
tionship did not always hold true, however, and it was 
not unusual to find within a smear small oval and 
elongated rod forms from solid or liquid media. This 
morphological variation presented some problems in the 
early phase of work. It was difficult to determine if they 
were more closely related to the heterofermentative 
cocci or rods. The problem was further complicated in 
that although they usually fermented sucrose they 
failed to produce dextran on plates containing 10 per 
cent sucrose. Later results showed that they were closely 
related to the genus Leuconostoc and, as will be shown 


TABLE 4 
Per cent acids and optical type of lactic acid produced - 
by Leuconostoc 


7 ‘eo e >» > . “AS a r . 
Die Per Cent Fermented Glucose Converted to Optical 
Cent Type of 
Culture No. Glucose Buty Pp : Lactic 
Fer- tg suey Acetic | Formic cini Lactic Acid 
mented eat a acid acic re id acid Produced 


Leuconostoc mesenteroides 


T-13 95.6| 0 | 0.2 | 2.6 | 0.04 | 0.4 | 40.1 | Levo 
T-60 77.0| 0 | 0.3 | 3.0} 0.02 |'0.3 | 24.0) Levo 
T-79 78:0 | 0 10:3 | 29 | O07 | 06.1 42:7 1 Levo 
T-328 | 86.0} 0 | 0.4 | 4.0/0.2 | 1.0) 38.6 | Levo 
Leuconostoc type I 
T-17 44.5 0 0.08 | 5.3 | 0.08 | 0.2 | 37.5 Levo 
T-40 68.0; O | 0.01 | 4.2 | 0.2 | 0.6 | 43.7 | Levo 
T-57 43.0| 0 |0 5.2} 0.1 | 0.7 | 37.7 | Levo 
T-312 76.0 0 0.1 4.1 G2 0.7 40.0 Levo 
T-323 51.0: 0 | 0.04 | 5.7 | 0.1 | 0.1 | 26.9 | Levo 
T-357 62.0! O | 0.07 | 4.4) 0 0.3 35.8 Levo 
T-1600 | 60.0 0 O 2.8.0 0.9 39.5 Levo 
R-610 | 58.0 0 | 0.06 .3 | 0.08 | 0.5 | 37.6 Levo 
R-943 | 59.0) O | 0.1 | 4.0! 0.02 | 0.6 | 42.5 Levo 
R-962 75.0 | 0 |} 0.2 | 3.2) 0:3 0.4 38.7 Levo 
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later, the cultures produced dextran after serial trans- 
fers in enriched media. The cells occurred singly, in 
pairs, and occasionally short chains and clumps. Some 
cells tapered and longer ones had a tendency to bend. 

Physiological reactions were similar to those of L. 
mesenteroides with the following exceptions: 12 of the 43 
strains showed slight growth at 45 C; some gave a 
reduced, acid, and curdled reaction in litmus milk; and 
a slightly wider range was noted for titratable acidity 
values in glucose broth (0.23 to 0.77). 

Carbohydrate fermentation reactions (table 3) were 
usually similar to those produced by L. mesenteroides 
although some of the strains failed to ferment xylose, 
maltose, sucrose, and esculin and a few showed slight 
growth in starch and dextrin. 

The cultures fermented less glucose than L. mesente- 
roides, although the carbon distribution was similar and 
levo-lactic acid was produced (table 4). 

The close physiological similarities between  L. 
mesenteroides and Leuconostoc, type I, indicate that they 
are closely related. Pederson and Albury (1955), in a 
study on atypical nondextran producing Leuconostoc, 
showed that by serial transfers in tomato juice, orange 
juice, and sucrose broths many of their strains recov- 
ered the ability to produce dextran and some were able 
to utilize sugars not fermented previously. In experi- 
ments similar to those described by the above authors, 
silage strains of atypical Leuconostoc and heterofer- 
mentative lactobacilli were subjected to serial transfers. 
Sixteen of the 34 atypical Leuconostoc, type I, strains 
were able to form varying amounts of dextran on 10 
per cent sucrose agar after 10 serial transfers in tomato 
juice glucose broth and most of the strains showed 
dextran after 32 transfers in tomato juice glucose broth 
followed by 29 transfers in orange juice glucose broth. 
A small number of cultures produced dextran only after 
91 serial transfers in tomato and orange juice glucose 
broth. The dextran produced varied from visible to 
moderate amounts. Few of the cultures produced dex- 
tran as profusely as typical strains of L. mesenteroides. 
It was interesting to follow the population change of a 
culture from nondextran to dextran production. As the 
cultures were serially transferred, isolated colonies and 
the periphery of streaked areas first showed the smooth, 
shiny, transparent appearance characteristic of dextran 
colonies. After further serial transfers, small, raised, 
shiny areas within a streak appeared and continued to 
increase until the entire population converted. 

(e) Pediococcus. The high lactic acid producing cocci 
that form tetrads were first described as spoilage agents 
in beer and through the years the relationship of these 
organisms to other types of homofermentative lactic acid 
bacteria has been confused. In the 6th edition of 
Bergey’s Manual of Determinative Bacteriology (Breed, 
Murray,and Hitchens, 1948), the genus Pediococcus was 
included in the appendix in the family Micrococcaceae. 
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A critical review and detailed study of the group by 
Pederson (1949) suggested that they should be placed 
in the family of lactic acid producing cocci and rods. The 
7th edition of Bergey’s Manual (Breed et al., 1957) now 
includes the genus Pediococcus in the tribe Strepto- 
cocceae of the family Lactobacillaceae along with the 
genera Diplococcus, Streptococcus, and Leuconostoc. 
The pediococci examined in this study were rather 
uniform in their morphology. The cells occurred singly, 
in pairs, as tetrads (especially in acid medium), and 
occasionally short chains (4 to 6 cells). They averaged 
0.6 to 0.7 u by 0.8 to 1.1 yw. All of the cultures grew in 6.5 
per cent of sodium chloride and at 15 C. None liquefied 
gelatin, gave gas from glucose, or produced acetyl- 
methylearbinol. All of the cultures examined produced 
inactive lactic acid (table 5) and most of the glucose 


TABLE 5 
Per cent acids and optical type of lactic acid produced 
by Pediococcus 


Per Per Cent Fermented Glucose Converted to : 
Cent Optical 
oo _ eee -. eee . age ; 
Culture No.) 70°" | Bu- | Pro- a) : Suc- , actic Acic 
Fer- enix rings. Acetic Formic | ~~ | Lactic * 
mented pr} po ry acid acid 4 acid Produced 
Group 1 
T-33 56.4 | 0 | 0.1) 0.4 0 0 94.4 | Inactive 
T-1599 54.8 0 | 0.8 0.06. 0 0 97.2 | Inactive 
T-1746 | 58.6 0 | 0 2.3 | 0.3 | 0.7 | 91.2 | Inactive 


Group 2 

T-1 m2) 0 | 1.8} 0.3 
T-3 46.6 | 0 | 0.2 
T-351 55.8 | 0 | 0.1 
T-2002 | 52.4 0 | 0.2 
Group 3 

T-330 56.4) 0 | 0 0.9 0.06 0.3 95.8 Inactive 
T-1206 | 57.6 0 | 0 0.2 |0 0.8 93.0 Inactive 
R-800 72.6) 0 0.1 1.0 | 0.07 | 0.3 | 93.7. Inactive 
Group 4 

T-2058 | 53.3 | 0 | 0. 96.8 | Inactive 
R-247 | 47.8 0 | 0 0.7 0 0.4. 92.0 Inactive 
Group 6 

T-953 | 50.4) 0 | 1.4 0.04 0 97.4 Inactive 
T-1367 | 40.0; 0 | 0.9 | 2.0 0.01 . 0 94.7 | Inactive 


I] 


2 | 0.3 | 0.3 | 95.2 | Inactive 
pe 1 OL) 0.9 94.9 Inactive 
1.0 0.08 0.4 > 94.4 Inactive 
1.8 0.02 | 0.5 | 91.2 | Inactive 
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fermented was converted to lactic acid along with 
acetic and traces of other acids. Pederson’s (1949) study 
on 121 strains of the genus Pediococcus from fermenting 
vegetables showed some differences among strains, but 
on the basis of carbohydrate fermentations no signifi- 
cant trends were demonstrated. He concluded that all 
of his strains should be considered as belonging to one 
species. His strains produced inactive lactic acid, a trace 
of volatile acid, and a small amount of CO.. They 
fermented glucose, fructose, mannose, galactose, 
maltose, and usually arabinose, sucrose, lactose, raffi- 
nose, salicin, and amygdalin. Most strains failed to 
ferment mannitol, a-methylglucoside, inulin, dextrin, 
and starch. Pederson brought out that slight differences 
in ability to utilize certain sugars and related com- 
pounds should not be considered sufficient grounds for 
excluding a strain from the species or establishing a new 
species. 

The silage isolates had many characteristics similar to 
those outlined above. Some additional characteristics 
not noted by Pederson were observed in the present 
work. For comparative purposes and to show certain 
variable characteristics, the 79 strains in this study were 
divided into five groups. 

In table 6 it may be noted that the majority of the 
strains produced ammonia from arginine. However, all 
strains in group 4 failed to hydrolyze this compound. 
Some of the strains in each group produced catalase 
with the exception of those in group 5. Organisms in 
group 5 also grew at 48 C and the other groups failed 
to grow at this temperature. Strains varied in litmus 
milk, some produced only a slight acid and others 
caused an acid curdled reaction. Many of the cultures 
reduced the litmus in the bottom of the tubes and a few 
were capable of almost complete reduction of the litmus. 
The curdling reaction in litmus milk always occurred 
after 1 week of incubation. Final pH and titratable 
acidity values ranged from 3.6 to 4.1 and 0.78 to 14 
per cent, respectively. Strains in group 4 gave the lowest 
pH and the highest titratable acidity values. 

All of the strains (table 7) fermented glucose, fruc- 


TABLE 6 


Physiological characteristics of the genus Pediococcus 


Ammonia from arginine. 11+ 
Catalase production... . ; 8—; 3+ 
Growth at 15 C.... 11+ 
Growth at 45 C...... ; 11+ 
Growth at 48 C............ : 11-— 
Litmus milk (1 month)...... Seater tenk Cine A,C 
Final pH glucose broth...... BE ok RG te 3.8-4.0 


Titratable acidity glucose broth eye 0.8-1.09 


Group No. 


2 3 + 5 
21+ 20+ hM- 13+ 
10—; 114+ 15—; 5+ 12—; 2+ 13- 
21+ 20+ 144 13+ 
21+ 20+ 7-; 7+] | 13+ 
21— 20— 4— 13+ 
9A,C 11A, C 7A,C | sl A 
12sl A 9slA 7TslLA 
3.9-4.0 3.9-4.1 3.6-3.8 | 3.8-4.0 
1.1-1.4 | 0.95-1.1 


0.78-1.0 0.79-1.0 
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tose, mannose, galactose, cellobiose, salicin, and esculin. 
They usually failed to ferment sorbose, melezitose, 
starch, dextrin, inulin, sodium hippurate, mannitol, 
inositol, sorbitol, or sodium lactate. Variations were 
observed in the fermentation of arabinose, xylose, 
ribose, rhamnose, maltose, lactose, sucrose, trehalose, 
melibiose, and raffinose. The greatest variation occurred 
in groups 3, 4, and 5. Pederson (1949) reported that the 
majority of his strains fermented sucrose, lactose, and 
raffinose. Many of the strains in the above mentioned 
groups failed to ferment these compounds. Further- 
more, Pederson showed that all of his strains fermented 
maltose. None of the silage strains in group 5 fermented 
this sugar. Some of the strains in group 2 and most of 
the strains in groups 3, 4, and 5 were not able to fer- 
ment melibiose. The greatest variation in the ability to 
ferment carbohydrates occurred in group 4. None of 
these strains fermented arabinose, xylose, ribose, sucrose, 
melibiose, raffinose, or glycerol and it is interesting to 
note that they also failed to hydrolyze arginine. This 
group deserves further attention with regard to final 
pH values in carbohydrates. It may be seen in table 6 
that organisms in this group produced lower pH and 
higher titratable acidity values than were found in the 
other groups. However, in table 7 it may be seen that 
the same organisms gave the highest final pH in glucose 
and other carbohydrates. This seems to illustrate 
variability among strains in response to conditions for 
growth. 

Whether the group differences indicated are impor- 
tant enough to warrant their division into new species 
or subspecies remains to be seen. Certainly, too few 
strains have been studied to draw any definite conclu- 
sions. At this time, however, the authors agree with the 
suggestion of Pederson that the strains studied should 
be considered as belonging to one species (Pediococcus 
cerevisiae Balcke). When a greater number of strains are 
studied from different environments, it is possible that 
the group differences indicated above will become im- 
portant. 

DiscUssION 


The results showed that the cocci isolated from 
forages fell into two primary groups. Those which pro- 
duce mostly lactic acid from glucose and those which 
produce limited amounts of lactic acid along with COs, 
acetic, and traces of other acids. 

The 13 strains of S. faecalis examined compared 
favorably with the published data of other workers. The 
only variation of significance as compared to the work 
of Sherman et al. (1937) and described in Bergey’s 
Manual (Breed et al., 1957) is that 12 of the 13 silage 
strains hydrolyzed starch and none of their strains were 
able to hydrolyze this carbohydrate. The hydrolysis of 
starch by this group would suggest some similarity to 
Streptococcus bovis but other basic characteristics de- 
scribed earlier discount this relationship. 


C. W. LANGSTON AND C. BOUMA 


Recent work has been submitted which indicates that 
Streptococcus faecium (Orla-Jensen, 1919) should be 
given species rank along with S. faecalis. For many 
years these organisms were regarded as being synony- 
mous. The following characteristics have been used to 
differentiate between the organisms: S. faecalis grows 
in the presence of 14599 potassium tellurite, usually 
shows a vigorous fermentation of mannitol and sorbitol, 
fails to ferment arabinose, and gives a strong reduction 
of litmus milk prior to acid and curdling. Streptococcus 


faecium is inhibited by 1450909 potassium tellurite, al- 


ways ferments arabinose, varies on mannitol, usually 
does not ferment sorbitol, and may show only acidity 
in litmus milk with little or no reduction. Although four 
of the silage strains resembled S. faecium in that they 
fermented arabinose and failed to ferment sorbitol, 
they must be regarded as S. faecalis because all of the 
strains studied were able to grow in the presence of 
155099 potassium tellurite and gave a strong reduction 
of litmus milk prior to acid and curdling. The cultures 
also exhibited a-hemolysis:on blood agar. The diversity 
of fermentative reactions within this species was pointed 
out by Harrison and Hansen (1950a). In fact, they 
showed greater variation in carbohydrate fermentation 
among strains of S. faecalis isolated from the intestinal 
flora of healthy turkeys than was reported here or by 
Sherman et al. (1937). 

The 6th edition of Bergey’s Manual (Breed et al., 
1948) regards S. faecalis and S. liquefaciens as separate 
species. The 7th edition of Bergey’s Manual lists 8. 
liquefaciens as a variety of S. faecalis. Apparently the 
editors felt that differences were not great enough to 
warrant species distinction. Although it is indicated 
that the primary differences between the two organisms 


are that of gelatin liquefaction and peptonization of | 
milk, it is interesting to note that strains of S. lique- 
faciens isolated from forages varied from S. faecalis in 


that they consistently fermented melezitose and sodium 
hippurate. Harrison and Hansen (1950a) also showed 
this distinction with regard to the fermentation of 
melezitose. They did not, however, test the ability of 
their strains to hydrolyze sodium hippurate. 

A comparison of the data obtained in this study with 


the detailed work of Hucker and Pederson (1930) on the § 


genus Leuconostoc showed that strains of L. mesenteroides 
from forage are identical to theirs in. most respects. 
The forage strains differed mainly in their ability to 


produce catalase. Members of the genera Lactobacillus, | 
Pedicoccus, and Leuconostoc have been shown to possess § 


the enzyme catalase (Harrison and Hansen, 1950a; 
Felton et al., 1953; Dacre and Sharpe, 1956; Vankova, 
1957). Since this property has become so common 
among the facultatively anaerobic lactic acid producing 
bacteria, it is doubtful that it should be used as one of 
the main lines of identification and classification. Harri- 


son and Hansen (1954) in reference to the genus Lacto- 
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bacillus stated that the presence of catalase excludes 
any member from this group. By the same token this 
should also apply to the genus Leuconostoc. If taxono- 
mists agree with this opinion then it will be necessary 
to remove the catalase producing strains to new and 
different genera. If, however, the decision is made to 
maintain the organisms in their present taxonomic posi- 
tions, it will be necessary to change the genera defini- 
tions to include strains which are able to produce 
catalase. 

The evidence is clear that Leuconostoc, type I, should 
be regarded as a variable of Leuconostoc mesenteroides. 
This is obvious not only from the standpoint of glucose 
fermentation and by-product distribution but also from 
reactions in different carbohydrates. The sucrose fer- 
menting, nondextran producing strains of Leuconostoc 
and Lactobacillus studied by Pederson and Albury 
(1955) gave submaximal amounts of acid in glucose 
broth (average of about 0.24 per cent). Some of the 
forage strains also produced low acid in glucose but the 
range was from 0.23 to 0.77 per cent. It was interesting 
to note that when their strains recovered the ability to 
produce dextran that they were also able to utilize 
certain sugars that they had not previously fermented. 
They suggested that the changes observed in variants 
may involve dormant or latent enzyme formation, 
spontaneous mutation or a combination of the two 
systems. 

Other investigators have also observed variations in 
dextran production among the Leuconostoc and Lacto- 
bacillus. Niven et al., (1949) studied the lactic acid 
bacteria which caused surface discoloration on sausages 
and found that 14 of 20 cultures of the genus Lacto- 
bacillus studied produced large mucoid colonies on 5 per 
cent sucrose gelatin medium. Ten strains of Leuconostoc, 
on the other hand, failed to produce mucoid colonies on 
this same medium. Carr (1957) studied strains of lactic 
acid producing cocci and rods from apple juice, ciders, 
and perries and reported that they fell into two groups 
which he considered belonging to the species L. mesente- 
roides. The groups showed variation in fermentation 
patterns and none of the strains produced dextran in the 
presence of sucrose. One strain, a rod that he designated 
as Lactobacillus pastorianus, was able to produce slime 
from sucrose. 

Other workers (Ward, 1892; Perquin, 1940; Koba- 
yasha, 1944; Deibel and Niven, 1959) have reported 
incidence of lactobacilli that produced mucoid colonies 
from sucrose. Continued reports of lactobacilli that 
synthesize dextran from sucrose have narrowed the 
taxonomic differences between the genera Lactobacillus 
and Leuconostoc and more work is needed to clearly 
define the relationships and boundaries of these groups. 

Following the review and description of the genus 
Pediococcus by Pederson (1949), various investigators 
have examined his strains and have isolated and studied 


MICROORGANISMS FROM GRASS SILAGE. I 221 


strains from a variety of sources. They have been found 
in fermenting forages, fermenting vegetables (Pederson, 
1949), the rumen (Bauman and Foster, 1956), summer 
sausages (Deibel and Niven, 1957), the cecal feces of 
turkeys (Harrison and Hansen, 1950a), and in cheese 
(Dacre, 1958). Pederson indicated that these organisms 
may be important in vegetative fermentations when 
more is learned about their true role in nature. In view 
of the part played by this group in the silage fermenta- 
tion, his prediction is true. They occur in fermenting 
forage in high numbers and because of their ability to 
produce and withstand high acid conditions they are 
undoubtedly important in the preservation process. 

In Pederson’s (1949) work on the genus Pedio- 
coccus, he stated they were catalase negative. Later 
work by Felton et al. (1953) showed that catalase was 
produced by these organisms when they were streaked 
and grown on low carbohydrate medium. Weak cata- 
lase activity in the group had been shown earlier, how- 
ever, by Harrison and Hansen (1950a). Work by Jensen 
and Seeley (1954) further defined the group. They de- 
termined nutritional requirements of 34 strains and 
several physiological characteristics not determined by 
Pederson. Later work was presented by Dacre (1958), 
on a strain of Pediococcus isolated from cheddar cheese. 
It was concluded that the strain studied was a variant 
of the type species, Pediococcus cerevisiae Balcke. It was 
catalase negative, failed to grow in 6.5 per cent of 
sodium chloride, and showed variation on certain 
carbohydrates. This strain showed some characteristics 
that resembled the forage strains described in groups 
4 and 5 (table 7). 

With the exception of the pediococci, the cocci de- 
scribed in this paper occurred early in the forage fer- 
mentations, then were lost when the higher acid produc- 
ing lactobacilli appeared. It was not unusual to find 
pediococci both early and late in the fermentation 
process. The effect the cocci have upon the fermentation 
of forage will be discussed in a subsequent paper. 
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SUMMARY 


Cultural and physiological data have been presented 
on the homo- and heterofermentative cocci isolated 
from forages. 

Results obtained with cultures of Streptococcus 
faecalis and Streptococcus liquefaciens compared favor- 
ably with the published reports of other workers. 

Leuconostoc mesenteroides and variant strains of this 
species were described. The strains of L. mesenteroides 
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examined showed only minor variations from their usual 
description. The most striking feature exhibited was the 
ability of some strains to produce catalase. Data were 
presented to show that atypical, sucrose fermenting, 
nondextran producing cocci isolated from forage were 
similar to L. mesenteroides. The nondextran producing 
cocci recovered their ability to produce dextran after 
serial transfers in enriched media. 

Strains of the genus Pediococcus studied were divided 
into five groups on the basis of physiological charac- 
teristics. Although group variations were observed, it 
was concluded that a greater number of these organisms 
should be studied before specific names are applied to 
them. 
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Few workers have attempted to perform a systematic 
study of the lactic acid bacteria in silage. As a result, 
the sequence changes, comparative growth rates, and 
the effect individual species have upon the fermentation 
process remain relatively obscure. Many investigators 
have reported that lactic acid in silage is produced 
mainly by Lactobacillus plantarum. The importance of 
the high acid producing lactobacilli in the fermentation 
process cannot be overlooked, in spite of the fact that 
few of these organisms are found on the fresh plant 
material. It should be noted, however, they usually do 
not become predominant until after the cocci have 
reached high numbers and produced considerable 
amounts of acids (Langston et al., 1958; Langston and 
Bouma, 1960). This sequence change from lower acid 
producing cocci to higher acid producing lactobacilli 
is recognized in many types of fermentations. 

The object of this work was to gain a better under- 
standing of the types of lactobacilli that proliferate in 
silages and their contribution at different stages of the 
fermentation process. 


MATERIALS AND. METHODS 


Procedures and methods used in this study, unless 
otherwise specified, are reported in an accompanying 
paper (Langston and Bouma, 1960). 

RESULTS 

The cultures of lactobacilli from the forage studied 
have been identified as (a) Lactobacillus brevis, (b) 
Lactobacillus brevis (variable), (ce) Lactobacillus casei 
(d) Lactobacillus (variable), (e) Lactobacillus 
plantarum, (f) Lactobacillus arabinosus (Lactobacillus 
plantarum), and (g) branching lactobacilli. 

The organisms were facultative anaerobes, gram- 
positive and nonsporeforming. Colonies were usually 
small, lenticular, and subsurface. Growth on the surface 
of slants was thin to moderate. None of the cultures 
liquefied gelatin, gave a positive Voges-Proskauer test, 
or produced indole. Some of the organisms (although 
presently excluded from the genus Lactobacillus) were 
able to reduce nitrate to nitrite and a few produced 
catalase. 

(a) Lactobacillus brevis. Orla-Jensen (1919) included 
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the lactic acid, gas producing rods in the genus Beta- 
bacterium. Three species were described which produced 
considerable fermentation products other then lactic 
acid. With the exception of one species, the group pre- 
ferred the pentoses and usually failed to ferment 
salicin and the alcohols. Pederson (1938) in a later paper 
reviewed and studied over 300 strains of heterofer- 
mentative lactobacilli and proposed a classification for 
them. From this study he concluded that the gas pro- 
ducing lactobacilli, including intermediate strains, were 
closely related and proposed a key to the species based 
upon a combination of characters. The most important 
differential tests that he used for separating strains into 
four species were growth temperatures and action on 
arabinose, lactose, sucrose, and raffinose. With only 
minor variations, the strains to be discussed below are 
in close agreement with the species L. brevis described 
in Bergey’s Manual of Determinative Bacteriology 
(Breed, Murray, and Smith, 1957). 

Kighty-two cultures of L. brevis were examined. They 
varied in their morphology but were usually short to 
medium rods with rounded ends. They occurred singly 
and in pairs. The usual size of the cells was about 0.7 to 
0.9 uw by 1.3 to 4 uw. It was not unusual, however, to see 
cells 10 to 15 uw in length, and occasionally long fila- 
mentous ones were observed. All of the cultures pro- 
duced CO, from glucose and grew at 15 C. The majority 
of the strains were unable to grow at 45 C and none grew 
at 48 C. The cultures showed little activity in litmus 
milk. None grew rapidly; a few curdled milk after a 
weeks incubation, but others failed to produce more 
than a slight acidity after 1 month. Nineteen of the 82 
strains failed to hydrolyze arginine and 22 were not able 
to grow in 6.5 per cent of sodium chloride. None were 
motile and all cultures failed to produce catalase or 
reduce nitrate. The cultures gave a final pH in glucose 
broth ranging from 3.7 to 4.2 (avg 4.0), and titratable 
acidity values from 0.76 to 1.2 (avg 0.92, as per cent 
lactic acid). 

The cultures usually fermented arabinose, xylose, 
ribose, glucose, fructose; galactose, maltose, melibiose, 
esculin, and mannitol; the majority failed to ferment. 
mannose, lactose, sucrose, raffinose, melezitose, and 
salicin; none fermented rhamnose, sorbose, trehalose, 
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TABLE 1 
Final pH in broth cultures after 14 days of incubation at 30 C 
Lactobacillus brevis Lactobacillus brevis (Variable) 
Substrate pH pH te 
Culture reaction Culture reaction pH 
Range Avg Range Avg 

Arabinose 3—; 79+ 3.6-5.9 4.2 lli—; 4+ 4.1-4.6 4.4 6.4 
Xyvlose 8$2+ 3.9-5.8 4.3 15+ 4.2-4.7 4.5 6.4 
Ribose 2-—; 80+ 3.9-4.8 4.3 6—; 9+ 4.1-4.9 4.7 5.4 
Glucose 82+ 3.9-5.2 4.3 15+ 4.0-4.4 4.3 6.7 
Fructose 1—; 81+ 4.3-5.3 4.5 15+ 4.3-4.5 4.4 6.6 
Mannose 75-—; 74+ 4.4-5.7 5.0 15+ 4.1-4.6 4.4 6.8 
Galactose 1—; 81+ 3.9-5.5 4.4 15+ 4.1-4.8 4.5 6.7 
Maltose 1—; 81+ 3.9-5.9 4.3 15+ 3.9-5.2 4.4 6.8 
Lactose 63—; 19+ 4.0-5.8 5.1 6—; 9+ 4.3-5.6 5.0 6.9 
Sucrose 68—; 14+ 4.0-5.3 4.4 15+ 4.1-4.5 4.4 7.0 
Trehalose 82— 9—; 6+ 4.2-4.5 4.3 7.0 
Cellobiose 82—- | 15+ 4.1-4.9 4.5 6.9 
Melibiose 4—; 78+ 4.1-5.5 4.6 14—; 14 4.3 6.9 
Raffinose 74—; 84+ 4.3-4 4.6 14—; 1+ 4.2 7.0 
Melezitose 73—; 9+ 4.1-5 4.4 15-— 7.0 
Salicin 78—; 4+ 4.4-5.5 5.2 15+ 4.4-5.1 4.6 7.0 
Esculin 12—; 70+ 1—; 14+ 
Mannitol 32—; 50+ 4.6-5.9 5.4 14—; 14 4.9 7.0 


None of the strains fermented rhamnose, sorbose, starch, dextrin, inulin, sodium hippurate, glycerol, inositol, sorbitol, or sodium 


lactate. 


cellobiose, starch, dextrin, inulin, sodium hippurate, 
glycerol, inositol, sorbitol, or sodium lactate (table 1). 
The by-products of glucose fermentation were similar 
(table 2). The organisms produced inactive lactic acid 
ranging from 40.0 to 45.8 per cent, and acetic acid rang- 
ing from 4.4 to 7.6 per cent of the glucose fermented. 
Traces of propionic, formic, and succinic acids were 
also observed. 

(b) Lactobacillus brevis (variable). The atypical strains 
of gas producing lactobacilli showed considerable varia- 
tion in morphology. They usually occurred singly and in 
pairs with round to tapered ends. Cultures grown in 
stabs were shorter and more coccoid than those grown 
in-liquid broth. Size of the individual cells varied from 
about 0.6 to 0.8 uw by 0.9 to 3 or 4 uw. Some of the cells 
had a tendency to bend and occasionally cells were 
observed that had swollen ends. All of the cultures 
produced CO, from glucose, grew at 15 C, and in 6.5 
per cent of sodium chloride. None were motile, produced 
catalase, or reduced nitrate. Three of the cultures grew 
well and eight gave slight growth at 45 C. The majority 
of the cultures showed no change in litmus milk. Two 
of the 15 strains failed to hydrolyze arginine. 

Final pH values in glucose broth ranged from 4.1 
to 4.3 (avg 4.2) and per cent titratable acidity values 
from 0.46 to 0.66 (avg 0.54). The majority of the cul- 
tures formed acid in xylose. ribose, glucose, fructose, 
mannose, galactose, maltose, lactose, sucrose, cellobiose, 
salicin, and esculin; most failed to ferment arabinose, 
trehalose, melibiose, raffinose, or mannitol; and none 


TABLE 2 
Per cent acids and optical type of lactic acid produced 
by Lactobacillus brevis and Lactobacillus 
brevis (variable) 


Per Cent Fermented Glucose Converted to 


td Optical 
Culture Pe ete : its ih ie “haiags Type of 
No. oy Buty-Pro- REIS ees ep Lactic Acid 
mented rie, pionic cite Formic) cine | Matic Produced 

acid acid acid 


Lactobacillu. brevis 


T-64 56.2 0 0 §.2 10.1 0.6 | 40.0 Inactive 
T-516 57.8 | 0 | 0.07 | 6.5 | 0.3 1.0 | 43.0 Inactive 
T-548 56.7; 0 10 5.9 0.06 | 0.5 | 42.0 | Inactive 
T-1041 | 48.5 | O | 0.07 | 4.4! 0.2 1.0 | 44.3 | Inactive 
T-1589 | 61.4; O | 0.1 4.9 0.05 | 0.3 | 42.6 | Inactive 
T-1948 51.2 0 | 0.07 | 7.6 0.09 | 0.6 | 41.4 | Inactive 
R-379 74.4 0 0 6.1 0.08 0.5 | 45.8 | Inactive 
R-589 63.3 O 0.06 4.4 0.08 0.3 | 43.8 Inactive 
Lactobacillus brevis (variable) 
T-322 §1.2 0 0.04 | 3.7 | 0.1 0.4 | 30.1 | Inactive 
T-1563 66.2 0 0.1 2.5 | 0 0.3 | 45.3 | Inactive 
T-1812 45.4 0 0 3.3 | O 0.1 | 44.6 | Inactive 
T-1819 55.8; 0 | 0.2 5.6 | 0.2 1.0 47.0 Inactive 
R-915 51.2 0 0.08 | 3.3 | 0.2 0.4 | 41.7. Inactive 
fermented rhamnose, sorbose, melezitose, starch, 


dextrin, inulin, sodium hippurate, glycerol, inositol, or 
sodium lactate (table 1). 

Limited amounts of inactive lactic acid were formed 
(30.1 to 47.0 per cent) along with acetic and traces of 
other acids (table 2). 

When these organisms were first streaked on 10 per 
cent sucrose agar, two strains gave isolated colonies that 
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were slightly raised and shiny. Because of the reactions 
observed with atypical Leuconostoc (Langston and 
Bouma, 1960) and the fact that they were induced to 
produce dextran following serial transfers in enriched 
media, it was decided to subject the 15 organisms in this 
group to similar treatments. After 8 transfers in tomato 
juice glucose broth, 8 of the 15 strains produced dextran. 
The other 7 strains produced dextran after 14 further 
transfers in orange juice glucose broth. 

(c) Lactobacillus casei. Tittsler et al. (1947) made an 
extensive study on about 200 strains of homofermenta- 
tive lactobacilli which comprised most of the species. 
They proposed a key to differentiate the species in the 
genus based on certain cultural and physiological char- 
acteristics. Two types of L. casei were recognized based 
on growth temperature and certain carbohydrate 
fermentations. Their results correlated well with Orla- 
Jensen’s (1919) earlier work who also described two 
types. His separation was based on the fermentation of 
rhamnose and growth at 45 C. 

The strains of L. casei isolated from silage did not 
always meet the exact requirements of the species 
described by the above authors. 

The cultures occurred as short or long rods, singly, in 
pairs, and sometimes in chains. The usual cell size 
varied from 0.6 to 0.8 uw by about 1.2 to 7 or 8 uw. Many 
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cultures exhibited cells up to 40 or 50 uw in length and 
occasionally strains were observed that had long inter- 
winding cells. In older cells the staining was uneven and 
showed granulation. Gram-negative elements were also 
in evidence. 

All of the cultures grew at 15 C and 45 C, in 6.5 per 
cent of sodium chloride, and gave a reduced, acid 
curdled reaction in litmus milk. The coagulation of the 
milk usually occurred after an incubation period of 1 
week or longer. Final pH and per cent titratable acidity 
values in skimmed milk ranged from 4.0 to 4.6 (avg 
4.3) and 0.52 to 0.86 (avg 0.70), respectively. Final pH 
values in glucose broth ranged from 3.5 to 3.7 (avg 3.6). 
Per cent titratable acidity values in glucose broth 
ranged from 1.3 to 1.8 (avg 1.6). Eighteen of the 22 
cultures produced ammonia from arginine and two of 
the cultures were able to reduce nitrate. It should be 
mentioned, however, that one of the two cultures lost 
its ability to reduce nitrate when tested after being held 
in stock medium for a period of about 3 years. None of 
the strains exhibited motility, produced COs, or grew 
at 48 C. 

The majority of the strains fermented glucose, fruc- 
tose, mannose, galactose, maltose, lactose, sucrose, 
cellobiose, salicin, esculin, and sodium hippurate. Varia- 
tions were observed but most of the strains failed to 


TABLE 3 
Final pH in broth cultures after 14 days of incubation at 30 C 


Lactobacillus casei 


Lactobacillus casei (Variable) 





_— * Basal 
Substrate pH pH Medium 
Culture reaction —$$_______ Chee =" pH 
Range Avg Range Avg 

Arabinose. . pes ie 22— 39-—; 2+ 4.2-4.3 4.3 6.4 
MME hf Aes Maina ho ee pons 21-—; 1+ 4.7 38—; 3+ 4.0-4.5 4.2 6.4 
NE RAN POR Sk GaN ne tones coe any 20—; 2+ 4.2-4.¢ 4.6 12—; 29+ 4.0-4.8 4.3 5.4 
Rhamnose M4 : ergot 20—; 2+ 5.6-5.7 5.7 29—; 12+ 3.9-5.7 4.9 6.7 
Glucose... .. ; 1 AB. oss 22+ 3.8-4.8 4.3 41+ 3.8-4.8 4.3 6.7 
Fructose ia Ota 22+ 3.6-4. 4.2 41+ 3.8-5.0 4.3 6.6 
Mannose 22+ 3.7-4.¢ 4.1 41+ 3.5-5.6 4.1 6.8 
Galactose. . 22+ 3.7-5.6 4.4 41+ 3.7-5.6 4.4 6.7 
RMU OER ss Sth ou cn och 2 ton oe 21-—; 1+ 4.1 41— 6.5 
Maltose. . 1—; 21+ 3.7-5. 4.4 4—; 37+ 3.7-5.6 4.5 6.8 
Lactose. . Sk cee oe eae) Te 22+ 3.8-5.9 5.0 29—; 12+ 4.1-4.9 4.6 6.9 
Sucrose... asa eee ae 22+ 3.9-5.7 5.1 16—; 25+ 3.9-5.7 5.0 7.0 
EE TAT eee 16—; 6+ 3.8-5.8 4.9 4—; 37+ 3.8-5.8 4.5 7.0 
ETM Oe ak ae a Bde pata 1—; 21+ 3.8-5.0 4.4 1—; 40+ 3.8-5.8 4.4 6.9 
Melezitose. eens bie eae 19—; 3+ 4.0 4.4 4.2 35—; 6+ 4.2-5.0 4.7 7.0 
re a 5 aa 21—; 1+ §.1 10—; 31+ 4.7-5.6 4.8 ye 
Dextrin 21—; 1+ 4.8 12—; 29+ 4.6-5.3 4.9 7.0 
Inulin 21—; 1+ 3.8 40—; 14+ 5.8 7.0 
Salicin 22+ 4.1-5.2 4.6 3—; 38+ 4.1-5.7 4.7 7.0 
Eseulin 22+ 41+ 
Sodium hippurate 5—; 17+ oe 
Glycerol. 21-; 1+ 5.6 22—; 19+ 4.1-5.4 4.7 7.0 
Mannitol... 21-—; 1+ 4.3 35-—; 6+ 4.4-5.4 4.7 7.0 
Sorbitol 21—; 1+ 4.6 40—; 1+ 4.3 7.0 


None of the strains fermented melibiose, raffinose, or inositol, 
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TABLE 4 
Per cent acids and optical type of lactic acid produced 
by Lactobacillus casei and Lactobacillus 


ferment arabinose, xylose, ribose, rhamnose, sorbose, 
trehalose, melezitose, starch, dextrin, inulin, glycerol, 
mannitol, and sorbitol. None fermented melibiose, 


casei (variable) : i : ; ae 
raffinose, or inositol (table 3). The cultures produced 


Per Per Cent Fermented Glucose Converted to — mostly lactic acid from the glucose fermented (table 4), 
oh Optical Type - 7 . . ° 
Culture | yent of Lactic Small amounts of acetic and other acids were also 
No. Fer- | Buty-| Pro Acetic| Formic| 5 Lacti Acid . _ ° . . . 
mented| Tic | pionic |*cétic| Formic) Cini, | Lactic) Produced found. The optical type of lactic acid produced was 
acid acid | *¢ id acid acid acid 


usually of the dextro- form. Two cultures (Strain 
T-2126 and Strain R-443) produced a mixture of p- and 
L-forms on the first crystallization of the zine lactate, 


Lactobacillus casei 
T-2126 96.7 O | 0.4) 2.3/)0.3 | 2.0 86.3 Inactive, 


dextro | | 1 1 | . 1 li ° 
reaver > Teval ‘ . »pucte "6 ~ VA 
R-448 87.1; O | 0.1 | 1.3) 0.2 | 2.1 | 87.0 | Inactive, caain ver, the second and third crysta ssations gave 
dextre principally the dextro-form. The main variation of the 
R84 84.40 02 1.0 1.20.3 0.5 90.2 Dextro silage strains as compared to the work of other investi- 
a. € an * 9» 2 le avtr ° . . . . 
“ _— ge © | O-1 | 2-2 | 0.08 | 0.3 | 8.3 | Dextro gators was in the fermentation of certain substrates, 
R-903 88.5| 0 | 0.8 | 1.3 | 0.4 1.3 88.9 | Dextro hal ‘tol , li 
‘ » y i a) « cf . . aT! co 
a aca a an namely trehalose, mannitol, and esculin. 

T2119 50.0 0:0 0.90 0 763 | Dextro (d) Lactobacillus casei (variable). A relatively large 
T-741 97.5| 0 |0 1.3.0 0.1 77.2 Dextro number of cultures were isolated from forages that were 
-1]08 O7 6 Zi 2? 7 ») > 7 2vtr ° . . ° 
R198 | 97.6 | 0 | 0.07) 2.4 | 0.07 | 2.0 | 65.7 | Dextro closely enough related to L. casei to include them in this 

R906 70.0 0 0.1. 1.4 0.08 0.5 4.8 Dextro 


R-10022 79.5) 0 03/2.610.06 04.71 group as variables. They did have some characteristics, 


Inactive, 


dextro however, that resemble L. plantarum. 
T-125 52.8 0 | 0.3) 2.7/0.3 2.8 | 75.4 | Inactive, The morphological characteristics of the variable 
dextro 


L. casei strains were similar to the ones described for 
L. caset. 


T-1963 64.0 Oo 104127 103 0.9 88.8 Dextro 
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Figures 1 to 4. Figures 1 and 2, Leifson’s stain, 8- to 12-hr cultures grown in tomato juice glucose broth. Figures 3 and 4, Gram 
stain, cultures grown in tomato juice glucose broth. Figure 1. Lactobacillus casei (variable), monotrichous flagella. Figure 2. Lacto- 
bacillus casei (variable), peritrichous flagella. Figure 3. Branching lactobacilli (44 hr old). Figure 4. Branching lactobacilli (1 month 
old). 
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Se, All but 1 of the 41 cultures grew at 15 C, 25 grew at low amounts of lactic acid from the glucose fermented. 
rol, 45 C, and 1 at 48 C. They showed little change in litmus The values were much lower than would normally be 
Ise, milk, the majority produced a slight acid reaction while expected from homofermentative lactobacilli. No at- 
ced only nine were able to curdle the milk. Most of the cul- tempt was made to determine products other than the 
4). tures were able to grow in 6.5 per cent of sodium chlo- ones listed. The strains usually produced the dextro- 
ilso ride. Two of the strains reduced nitrate and none were form of lactic acid. Some produced inactive lactic acid 
was able to hydrolyze arginine. In glucose broth the final pH with an excess of dextro- and a few produced princi- 
rain and per cent titratable acidity values ranged from 3.6 pally inactive lactic acid. 
and to 4.2 (avg 3.9) and 0.71 to 1.4 (avg 0.98), respectively. Orla-Jensen (1919) indicated that there was close 
ate, None produced CO: or catalase. Twelve of the cultures resemblance between his Streptobacterium casei (L. 
ave were motile (figures 1 and 2). Some of the cells con- casei) and Streptobacterium plantarum (L. plantarum). 
the tained a single flagellum, others two or three lophotri- In a later publication, Orla-Jensen (1943) described 
asti- chous flagella but the majority possessed peritrichous the species more clearly and showed that L. plantarum 
tes, flagella. always fermented melibiose and L. casei failed to fer- 
Table 3 shows the carbohydrate fermentation reac ment this compound. 
arge tions of the variable L. casei group. Many of the carbo- The fact that our variable strains failed to ferment 
vous hydrates fermented were similar to the ones fermented melibiose, usually did not ferment the pentoses, and 
this by L. casei although differences were observed in some produced mostly dextro-lactic acid would place them 
kas substrates. These included ribose, rhamnose, lactose, with the L. casei group. However, because they pro- 
: sucrose, trehalose, starch, dextrin, sodium hippurate, duced submaximal amounts of acid from glucose (pH 
al and glycerol. Minor variations were observed among 3.6 to 4.2, per cent titratable acidity 0.71 to 1.4), fer- 
ye" some of the other substrates. mented starch and dextrin, failed to hydrolyze arginine, 
" The variable strains produced primarily lactic acid and occasionally produced inactive lactic acid suggests 
with some acetic and traces of other acids (table 4). that they would be related to L. plantarum. 
ot Two strains (R-198 and R-906) produced abnormally (e) Lactobacillus plantarum. The largest percentage 
| TABLE 5 
. Final pH in broth cultures after 14 days of incubation at 30 C 
Lactobacillus plantarum Lactobacillus arabinosus 
eee ss acca penncas Niriaea ia eee: 
r Substrate pH pH Medium 
Culture reaction ——_—__——— — Culture reaction - ———$$__—___—_—— = 
Range’ Avg Range Avg 
Arabinose 40—; 62+ 3.8-5.7 4.2 12+ 3.9-4.5 4.2 6.4 
Xylose.... 90—; 12+ 4.1-5.1 4.4 12— 6.4 
EN 808 cog Lb Sd a A RG SERA Mass 3—; 99+ 4.0-4.7 4.2 12 4.0-4.2 4.1 5.4 
Rhamnose 32—; 70+ 3.6-5.6 4.9 12 4.6-5.9 5.0 6.7 
Glucose. 102+ 3.5-4.4 3.9 2+ 3.6-4.0 3.8 6.7 
Fructose 1—; 101+ 3.7-4.8 3.9 3.7-4.1 3.9 6.6 
Mannose. 1—; 101+ 3.5-4.3 3.8 2 3.7-4.0 3.8 6.8 
ey Galactose 102+ 3.5-4.4 3.9 2 3.8-4.1 3.9 6.7 
aN Sorbose 102— ll-; 3.9 6.5 
hes, Maltose.. 5—; 97+ 3.5-4.4 3.8 12+ 3.6-3.8 3.8 6.8 
2; Lactose 4—; 98+ 3.6-4.8 4.0 124 3.7-4.0 3.9 | 6.9 
Sucrose. 1—; 101+ 3.6-4.6 4.0 12+ 3.9-4.0 3.9 7.0 
¥ Trehalose 2—; 100+ 3.6-5.2 3.9 12+ 3.74-.0 3.9 7.0 
Cellobiose 1—; 101+ 3.6-5.8 3.9 12+ 3.6-3.8 3.8 6.9 
> Melibiose 102+ 3.7-4.4 4.0 12+ 3.84.2 4.0 6.9 
Raffinose.. 7—; 95+ 3.7-4.4 4.0 12+ 3.7-4.1 4.0 7.0 
. Melezitose 16—; 86+ 3.8-4.9 4.0 12+ 3.9-4.2 4.0 7.0 
Starch 9—; 938+ 4.8-5.8 5.3 12+ 4.9-5.7 5.2 y 
Dextrin. 9—; 93+ 4.8-5.7 5.1 12+ 4.8-5.2 5.0 7.0 
Inulin... 97-—; 5+ 4.1-4.9 4.5 12-— 7.0 
Salicin. 1—; 101+ 3.5-5.0 4.1 12+ 3.6-4.1 4.0 7.0 
Esculin. .. 102+ 12+ 
Sodium hippurate 94—; 8+ 12+ 
Gram Glycerol. 10—; 92+ 4.3-5.8 §.2 12+ 5.0-5.7 52 7.0 
_ Lacto- Mannitol 7—; 95+ 3.8-4.3 4.1 12+ 4.0-5.1 EB ih 2B 
all Inositol. . . 101—; 1+ 5.7 12— 7.0 
Sorbitol. . 17-—; 85+ 3.6-4.5 4.0 2—; 10+ 3.8-4.1 4.0 7.0 
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of organisms isolated from the forages belonged to the 
species L. plantarum. Generally, they were uniform in 
size ranging from about 0.7 to 0.9 uw by 1.3 to 8 uw. It was 
not unusual to see longer rods up to 15 to 20 yu in length 
and, occasionally, filamentous ones were observed. 
They usually occurred with rounded ends, singly, and 
sometimes in pairs and chains. Some cultures showed 
cells that tended to bend or even form ringlets. 

None of the cultures produced CQs, exhibited mo- 
tility, hydrolyzed arginine, or grew at 48 C. Twenty-five 
of the strains reduced nitrate, three produced catalase, 
the majority grew at 15 C and in 6.5 per cent of sodium 
chloride, and about 50 per cent grew at 45 C. Most of 
the cultures gave a reduced, acid, curdled reaction in 
litmus milk. Reduction of litmus occurred in many 
cultures after 24 hr incubation. This varied, but some- 
times up to one-half of the tube would be reduced. Only 
slight amounts of acid were observed in litmus milk at 
24 and 48 hr. Some of the cultures were able to curdle 
the milk at 1 week and practically all at 1 month. 

Final pH and per cent titratable acidity values in 
glucose broth ranged from 3.5 to 4.2 (avg 3.7) and 0.77 
to 1.4 (avg 1.2), respectively. Similar values in skim 
milk ranged from 3.9 to 4.8 (avg 4.3) and 0.44 to 0.93 
(avg 0.80). 

Results from carbohydrate fermentations conformed 
closely to the reports of other investigators. The ma- 
jority of the strains fermented ribose, glucose, fructose, 
mannose, galactose, maltose, lactose, sucrose, trehalose, 
cellobiose, melibiose, raffinose, starch, dextrin, salicin, 
esculin, glycerol, mannitol, and to a lesser extent, 
arabinose, rhamnose, melezitose, and sorbitol. Varia- 
tions were observed but most of the strains failed to 
ferment xylose, sorbose, inulin, sodium hippurate, or 
inositol (table 5). The cultures produced inactive lactic 
acid and in some cases an excess of dextro-lactic acid 
(table 6). Some acetic and traces of other acids were also 
produced by these cultures. It is interesting to note the 
effect additions of tomato juice to medium had on the 
utilization of glucose. As mentioned in the experimental 
methods, tomato juice was not added except when cul- 
tures produced submaximal amounts of acids. The effect 
tomato juice had in stimulating cultures is shown in 
table 6. Lactobacillus plantarum (T-126) and L. arabino- 
sus (T-253) were grown in medium containing tomato 
juice. The other cultures listed were grown in medium 
with no tomato juice added. 

(f) Lactobacillus arabinosus. Fred et al. (1921) studied 
the pentose destroying bacteria from corn silage and 
sauerkraut. They identified and designated two new 
species: L. arabinosus n.sp. which fermented arabinose, 
lactose, and melezitose, but did not ferment xylose 
or dulcitol; and Lactobacillus pentosus n. sp. which 
fermented arabinose, xylose, and lactose, but failed to 
ferment melezitose, and varied on dulcitol. According 
to Pederson (1936) these are synonyms of L. plantarum. 
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Later work by Tittsler et al. (1947) showed some 
rather distinctive differences between L. arabinosus and 
L. plantarum, and Rogosa et al. (1953) concluded from 
their studies that L. arabinosus should be considered as 
a distinct species. 

The strains we have designated as L. arabinosus are 
closely related to L. plantarum. Although characteristics 
were usually similar, some variations were observed 
which as a matter of clarity should be pointed out. 
Lactobacillus arabinosus always fermented arabinose, 
melezitose, esculin, and sodium hippurate and failed to 
ferment xylose. The majority of the L. plantarum strains 
failed to ferment arabinose and sodium hippurate, and 
some were not able to ferment melezitose. Rogosa et al. 
(1953) separated these groups nutritionally on the basis 
of esculin and hippurate hydrolysis and in their ability 
to ferment a-methyl-p-mannoside, arabinose, and 
melezitose. However, their strains of L. plantarum, like 
ours, also showed some variations in the fermentation 
of arabinose and melezitose, and hydrolysis of hippu- 
rate. Fermentation products of L. arabinosus were 
similar to those of L. plantarum (table 6). 

(g) Branching lactobacilli. The last group of organ- 
isms to be discussed and probably the most unique ones 
isolated from silages exhibited the ability to branch. 
These organisms were first observed when checking the 
purity of fermentation flasks that had incubated for 2 
weeks. The strains that exhibited branching properties 
were initially described as pleomorphic rods, occurring 
singly, in pairs, and occasionally short chains. Many 
cells had pointed ends, were curved, and club shapes 
were observed. The organisms were usually fatter than 
the other homofermentative lactobacilli studied. They 
varied from about 0.8 to 1.0 w by 1.2 to 10 or 12 u. 
When the cultures were transferred daily in tomato 
juice glucose broth, they showed little, if any, true 


TABLE 6 
Per cent acids and optical type of lactic acid produced 
by Lactobacillus plantarum and Lactobacillus 
arabinosus 


ee Per Cent Fermented Glucose Converted to Optical 

~] a aes 
Na |Glucose| a .| p ‘ Lactic 
No. Fer- mty- soll . Acetic Formic einic Lactic Acid 

mented Ree? re) acid . acid see acid | Produced 


Lactobacillus plantarum 


T-126 87.41 0 0.2 | 0.6 | 0.01 | 0.7 | 87.7 | Inactive 
T-666 39.0 0 0.5 12) 0.1 1.0 | 79.0. Inactive 


T-645 37.0; 0 0.4 0.5 0.06 | 0.8 | 85.1 Inactive 


T-250 23.0; 0 0 1.8/0.5 | 0 87.2 Inactive 
T-1819 32.0 0 0 0.2 | 0.1 1.0 | 88.9 | Inactive 
T-1833 | 48.0;| 0 0 3.110 0.2 | 83.6 , Inactive 
T-2341 36.0. 0O O48 | 48-103 1.0 84.9 Inactive 


Lactobacillus arabinosus 


T-253 96.4 0 0.7 | 1.4); 0.9 0.9 | 82.8 Inactive 
R-614 30.0 0 0.2 | 0.8 | 0.08 | 0 72.0 Inactive 
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lateral branching, although some Y and T shapes oc- 
curred and an oaccasional cell had knobby protrusions 
which indicated the early phase of branching. At 44 hr 
(figure 3) the cells were swollen and exhibited Y, T, and 
bone shapes along with some that gave lateral branches. 
When the cultures were examined after | month incuba- 
tion, the majority of the cells showed some lateral 
branching and many bizzare shapes occurred (figure 
4). In many branched forms no septae were demon- 
strated by cell wall stains indicating that true branch- 
ing Was occurring. 

Morphologically the silage branching cultures are 
similar to Lactobacillus bifidus. However, their physio- 
logical characteristics vary considerably. On primary 
isolation, the strains were facultative anaerobes in re- 
spect to their oxygen requirements. They were non- 
motile, did not produce catalase, reduce nitrate or 
hydrolyze arginine. All of the cultures grew at 15 C, 


TABLE 7 
Final pH in broth cultures after 14 days of incubation at 30 C 


Branching Lactobacilli 


: A Basal 
Substrate pH Medium 
Culture 7 pH 
reaction 
Range Avg 

Arabinose . 8—; 1+ 5.4 6.4 
Xylose . , 8—; 14+ 4.9 6.4 
Ribose . 7-3; 2+ 4.4-4.6 4.5 5.4 
Rhamnose. . . 9+ 4.1-5.0 4.7 6.7 
Glucose 9+ 3.9-4.5 4.1 6.7 
Fructose. ... 9+ 4.1-4.2 4.2 6.6 
Mannose... 9+ 3.7-4. 4.0 6.8 
Galactose........ 9+ 4.1-4.6 4.3 6.7 
Maltose. . — 9+ 4.0-4.4 4.2 6.8 
Lactose. ... ...| T—3 2+ 4.2-4.4 4.3 6.9 
Sucrose..........| 3-3 6+ 4.1-4.5 4.3 7.0 
Trehalose........| 8—3; 1+ 5.1 7.0 
Cellobiose . . . ..| T—3 2+ 3.9-4.2 4.0 6.9 
Melibiose ...| 4-3 54+ 4.2-5.5 4.5 6.9 
Raffinose : 5-—; 4+ 4.2-4.3 4.3 7.0 
Salicin..... ..| 4-3 54 4.2-4.4 4.3 7.0 

Eseulin. 5—; 44+ 
Mannitol. 9+ 4.2-4.6 4.4 7.0 
Sorbitol . ....| 1-3; 8+ 4.0-4.8 4.4 7.0 


None of the strains fermented sorbose, melezitose, starch, 
dextrin, inulin, sodium hippurate, glycerol, or inositol. 


TABLE 8 
Per cent acids and optical type of lactic acid produced 
by branching lactobacilli 


Per Cent Fermented Glucose Converted to 


Per Cent Optical 

Culture Glucose Type of 
No. Fer Bu- Pro- Rntie For- Suc- arr, Lactic Acid 

mented | tyric | pionic sie et mic | cinic io Produced 

acid | acid | 4°" acid | acid = 

T-1162 77.6 0 | 0.2 | 1.8: | 0:5:| 0 87.2. Inactive 
T-1509 31.0 0 | 0.3 | 2.6 | 0.2 | 1.3 | 76.8 | Inactive 
T-388 88.4 0 | 0.2 | 1.0 | 0.1 | 0.4 | 88.5 | Inactive 
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usually at 45 C, and in 6.5 per cent of sodium chloride. 
The majority of the cultures produced little if any acid 
in litmus milk. 

Final pH in glucose broth and per cent titratable 
acidity values ranged from 3.8 to 4.0 (avg 3.9) and 0.92 
to 1.0 (avg 0.98), respectively. 

Most of the cultures (table 7) fermented rhamnose, 
glucose, fructose, mannose, galactose, maltose, manni- 
tol, and sorbitol; they varied on sucrose, melibiose, 
raffinose, salicin, and esculin; the majority failed to 
ferment arabinose, xylose, ribose, lactose, trehalose, or 
cellobiose; and none fermented sorbose, melizitose, 
starch, dextrin, inulin, sodium hippurate, glycerol, or 
inositol. 

All strains tested (table 8) produced primarily inac- 
tive lactic acid, some acetic, and traces of other acids. 
Taxonomically these organisms fit into the group of 
homofermentative, high acid producing lactobacilli. 


Discussion 

The detailed study reported here on the microorgan- 
isms in forage has revealed that a variety of lactobacilli 
may be important in the silage fermentation process. 
Many of the species conformed closely to the usual 
descriptions reported for them, but a small group 
showed rather wide variations. In describing and at- 
tempting to place the organisms in a species, emphasis 
was placed on over-all characteristics. Failure to fer- 
ment a particular carbohydrate or minor variability 
in other physiological reactions did not necessarily de- 
lete an organism from a recognized or established group. 
Finer divisions within groups were possible in some 
vases, especially with regard to carbohydrate fermen- 
tations. However, the authors preferred to consider 
many of these differences as normal variations and did 
not propose subgroups unless it was justified on the basis 
of over-all reactions. 

The principal heterofermentative lactobacilli isolated 
from forages were species of L. brevis. 

Although some strain variations occurred, the results 
compared favorably with those obtained by Orla- 
Jensen (1919), Pederson (1938), Rogosa et al. (1953), 
and Mann and Oxford (1954). Most investigators have 
found that these organisms produce a vigorous fermen- 
tation of arabinose. Our results are consistent with this 
finding. The lowest average pH in the carbohydrates 
studied was in arabinose. Our cultures, like the ones 
studied by Mann and Oxford (1954), differed from 
those of Rogosa et al. (1953) in that they failed to 
hydrolyze sodium hippurate. Some of the silage strains 
also failed to hydrolyze arginine. Briggs (1953) and 
Niven et al. (1949) have also studied heterofermenta- 
tive lactobacilli that failed to hydrolyze this com- 
pound. Although strain variations occurred, the fact 
that the organisms adhered to the usual carbohydrate 
pattern, produced CQz, limited amounts of inactive 
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lactic acid, and gave a vigorous fermentation of arabi- 
nose justifies their inclusion in the species L. brevis. 

Besides producing dextran, the variable strains of 
heterofermentative lactobacilli studied differed from 
L. brevis in that they always fermented sucrose, man- 
nose, cellobiose, and salicin and usually did not ferment 
arabinose, melibiose, or mannitol. The failure of these 
organisms to ferment arabinose and their ability to 
ferment cellobiose and salicin is not suggestive of the 
heterofermentative lactobacilli. In spite of these differ- 
ences, other characteristics indicate a close relationship 
to L. brevis. Niven et al. (1949) have studied dextran 
producing lactobacilli from sausages. They felt that 
their strains were more closely related to L. brevis than 
any of the other described heterofermentative species. 
The cultures exhibited an unusual fermentation pattern 
in that only glucose, fructose, mannose, and maltose 
were fermented by all of the strains. In a later paper 
Niven and Evans (1957) applied the name Lactobacillus 
viridescens Nn. sp. to organisms in this group. They 
differed from the silage strains in that they failed to 
ferment xylose or galactose and did not hydrolyze escu- 
lin or arginine. They also gave a higher final pH value 
in glucose broth. 

With the exception of dextran production and varia- 
tion on certain carbohydrates, the silage strains re- 
semble the heterofermentative cultures studied by 
Rogosa et al. (1953) and designated as a new species, 
Lactobacillus cellobiosus n. sp. Like their strains, our 
strains fermented cellobiose and sometimes trehalose, 
they differed in that our strains usually did not ferment 
arabinose, melibiose, raffinose, or esculin. 

Pederson and Albury (1955) showed that by serial 
transfers in tomato and orange juice media, nondextran 
producing strains of Leuconostoc could be adapted to 
produce dextran. They reasoned that, since some heter- 
fermentative lactobacilli had been recorded as dextran 
producers, all might also be potential producers of this 
material. They examined 14 strains of lactobacilli ob- 
tained from different sources and found that, after 16 
serial transfers in orange juice, followed by 8 transfers 
in tomato juice, all were capable of dextran production. 

The production of dextran by lactobacilli has also 
been recognized by other workers: Olsen (1948), Ko- 
bayasha (1944), and recently by Deibel and Niven 
(1959), who studied homofermentative lactobacilli from 
commercial ham brines which synthesized a polysaccha- 
ride from sucrose. 

The literature reveals that much confusion has existed 
in the identification of L. casei and L. plantarum. Cer- 
tain overlapping characteristics have presented diffi- 
culties in properly separating these species. This has 
been true especially in the growth temperature limits 
and optical type of lactic acid produced from glucose. 

Our cultures of L. casei showed some variation in 
temperature growth limits from those considered to be 
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characteristic of the group. All strains studied grew at 
15 C and 45 C but not at 48 C. The strains of L. casei 
studied by Orla-Jensen (1919), Tittsler et al. (1947), 
and Rogosa et al. (1953) that grew at 45 C also fer- 
mented rhamnose, in fact, Rogosa et al. (1953) recog- 
nized a new variety (L. casei var. rhamnosus) based on 
these characteristics. Although our cultures grew at 
45 C, only two were able to ferment rhamnose. It 
should also be pointed out that the final acidity values 
in skim milk produced by our strains were lower than 
those reported by other workers. Orla-Jensen (1919), 
Tittsler et al. (1947), and Rogosa et al. (1953) all report 
acidity values in skim milk of about 1.5 per cent (as 
lactic acid) for L. casei. The value of the test as a differ- 
ential characteristic has been questioned by Harrison 
and Hansen (1950 b). Our cultures of L. casez, like those 
studied by Wheater (1955) gave about the same amount 
of acidity in milk as was observed for L. plantarum. 
The cultures also varied in that most of the strains did 
not ferment sorbose, trehalose, mannitol, and sorbitol 
but did hydrolyze esculin. Failure to ferment mannitol 
and the ability to ferment esculin throws serious doubt 
on the validity of the group. In fact, Rogosa et al. 
(1953) stated that in their experience with about 1000 
strains of L. casez, none had failed to ferment mannitol. 
This finding is in agreement with those of other workers. 
Nevertheless, our findings are convincing and the evi- 
dence at hand strongly suggests their inclusion along 
with the L. casei group. The distinguishing characteris- 
tics that identified our organism as species of L. casei 
were low final pH values in glucose broth, hydrolysis of 
arginine and sodium hippurate, and accumulation of 
dextro-lactic acid. The cultures also failed to ferment 
the pentoses, melibiose, raffinose, rhamnose, and 
glycerol. 

Deibel and Niven (1958) have reported on variable 
motile organisms isolated from ham curing brines and 
the surface of cured unprocessed hams. The strains pos- 
sessed characteristics similar to both L. casei and L. 
plantarum but were distinct from either group. The 
variable L. casei organisms isolated from silages have 
many characteristics in common with the ones de- 
scribed by the above authors. Twelve of the 41 strains 
studied were motile and, like the cultures of Deibel 
and Niven, the majority of our strains gave a slight 
acid reaction in litmus milk, failed to hydrolyze arginine 
and sodium hippurate, grew in high salt concentration, 
and produced dextro-lactic acid. Our strains differed 
from theirs in that many were able to grow at 45 C and 
lower final pH values were obtained in glucose broth. 
Although strain variations occurred, the fermentation 
pattern exhibited by our cultures were similar to theirs 
in many respects. The main differences were that our 
strains fermented rhamnose, sometimes dextrin and 
starch but usually did not ferment arabinose, xylose, 
inulin or mannitol. Many of the characteristics de- 
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scribed relate our group to L. casei. This is especially 
true because they failed to ferment melibiose and fre- 
quently produced dextro-lactic acid. Their failure to 
attack hippurate, starch, and dextrin and occasionally 
producing inactive lactic acid would identify them with 
L. plantarum. It should be mentioned that motile 
lactobacilli have been isolated from a variety of places 
and within different species. The prevalence of these 
organisms suggests the need for a comparative study of 
the groups to determine if species recognition should be 
given them. The strains studied by Mann and Oxford 
(1954), Cunningham and Smith (1940), and Hays and 
Reister (1952) seem to be more closely related to the 
motile culture of L. plantarum isolated from turkey 
cecal feces by Harrison and Hansen (1950a) and desig- 
nated as a new variety L. plantarum var. mobilis. 
The silage strains and those studied by Deibel and 
Niven (1958) appear to be more closely related to L. 
casei. Motility has not been restricted to the above 
species because recently, Vankova (1957) described a 
motile, catalase positive strain of Lactobacillus del- 
bruckit. 

Orla-Jensen (1919) showed that the plant bacteria, 
Streptobacterium plantarum, had wide fermentative 
abilities. His strains generally preferred maltose and 
sucrose to lactose and they often fermented raffinose 
and sometimes inulin. The fermentation of sorbitol and 
rhamnose was more frequent with S. plantarum than 
with S. casei. A number of strains of S. plantarum were 
also active in the fermentation of arabinose and oc- 
casionally xylose. The silage strains of L. plantarum 
usually met these requirements. Although little differ- 
ence was noticed in the fermentation of sucrose and 
lactose, the organism did prefer maltose to lactose. The 
fact that all of our strains fermented melibiose agrees 
with the previous work of Orla-Jensen (1919, 1943), 
Tittsler et al. (1947) and Harrison and Hansen (1950b). 
The main points of disagreement lie in the growth 
temperature limits and hydrolysis of esculin. All of the 
silage strains grew at 15 C, about 50 per cent at 45 C, 
and all hydrolyzed esculin. This is a wider temperature 
range than has been reported previously and is not 
surprising when one considers the wide temperature 
ranges found in fermenting forages. The strains studied 
by Harrison and Hansen (1950b)' grew at 45.5 C but 
were unable to grow at 20 C. Other workers have re- 
ported lower temperature growth limits for these 
organisms (around 10 C) but usually have not found 
the range observed with the silage strains. The fact that 
our strains fermented esculin would place them close 
to L. arabinosus if one uses the scheme of Rogosa et al. 
(1953). Most of our strains, however, failed to hydrolyze 
sodium hippurate. From the results found in tables 5 
and 6 it may be seen that strains designated L. 
plantarum and L. arabinosus are closely related, and on 
the basis of the results obtained it is difficult to justify 
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them as separate species. Rogosa et al. (1953) used 
additional tests we did not employ and which they feel 
are reliable enough to separate them into distinct 
species. 

Three of the silage strains of L. plantarum were 
‘atalase positive and a large number of them were able 
to reduce nitrate to nitrite. Other characteristics were 
similar to those described for the genus. As mentioned 
earlier, these strains are now excluded from the genus 
Lactobacillus. Other workers have previously reported 
on organisms in this genus which reduce nitrate and 
produce catalase (Biocca and Seppilli, 1947; Costilow 
and Humphreys, 1955; Dacre and Sharpe, 1956; and 
Vankova, 1957). Since these organisms appear to be 
rather common it seems logical that the genus descrip- 
tion should be broadened to include them. 

Confusion exists concerning the proper taxonomical 
position of Lactobacillus bifidus. Most of these organisms 
studied have fallen into two groups designated as L. 
bifidus, type I and II, by Weiss and Rettger (1938). 
Lactobacillus bifidus, type I, on continued subculture 
loses its obligate anaerobic requirements and tendency 
to branch, whereas L. bifidus, type II, retains its 
anaerobic requirements and branching characteristics. 
Further division was based on the proportions, and 
amounts of volatile and nonvolatile acids produced, the 
optical type of lactic acid, and the fermentation of 
certain carbohydrates. The bifid type (type II) pro- 
duced considerably more volatile acid than the nonbifid 
type (type I) and the dextro-form of lactic acid was 
found (Orla-Jensen, 1919; Pederson, 1945; Norris et al., 
1950; and Harrison and Hansen, 1954). The nonbifid 
strains (type I) produced mostly inactive lactic acid 
(Weiss and Rettger, 1934; King and Rettger, 1942; and 
Norris et al., 1950). 

Carbohydrate fermentations revealed that type II, 
the more anaerobic cultures, fermented arabinose, 
xylose, and melezitose but failed to ferment mannose. 
Type I failed to ferment the first three carbohydrates 
named, but did ferment mannose. 

A recent publication by Clarke (1959) describes still 
another group from the rumen that shows character- 
istics similar to both type I and II. The rumen cultures 
resembled type II of Weiss and Rettger (1938) in 
morphology, and on subculture retained their bifid 
forms and obligate anaerobic requirements. They 
differed from type II, however, in that they produced 
optically inactive lactic acid. The vield of volatile acids 
was about 40 to 50 per cent of the glucose fermented. 
These strains also reduced nitrate to nitrite. 

The silage branching lactobacilli resemble none of 
the groups thus far described, and, to the knowledge of 
the authors, this is the first report revealing their 
presence in silage. Most previous investigators agree 
that L. bifidus is an obligate anaerobe upon primary 
isolation. The silage branching strains were facultative 
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anaerobes. They differed further from L. bifidus in that 
they grew at 15 C and 45 C and produced a lower 
final pH in glucose broth (silage branchers 3.9; L. 
bifidus, 4.5 to 5.0). It was usually true that increased 
branching occurred as the cells aged and, although 
strain variation was observed, about the same amount 
of branching occurred on streaked plates as in broth, 
semisolid deeps, or anaerobic roll tubes. When growth 
of the silage strains was studied, turbidimetric measure- 
ments revealed that they grew as well at 30 C as at 
37 C, although a few strains preferred 30 C. 

In addition to the characteristics just pointed out, it 
should be noted that the silage strain behaved differ- 
ently in carbohydrate fermentation reactions. Both 
type I and IT strains of L. bifidus fermented sucrose, 
trehalose, lactose, raffinose, salicin, dextrin, and starch. 
The silage strains either failed to ferment these com- 
pounds or showed considerable variation on them. The 
L. bifidus cultures usually do not ferment mannitol or 
rhamnose, whereas these substrates and sorbitol were 
fermented by the silage strains. Further division of L. 
bifidus type I and IT has been based on the fermentation 
of mannose, xylose, arabinose, and melezitose. Type II 
usually fermented the last three compounds but did not 
ferment mannose. Since the silage strains usually failed 
to ferment xylose, arabinose, and melezitose, but did 
ferment mannose, they are in this respect more closely 
related to type I. 

Weiss and Rettger (1934) made a comparative study 
of L. bifidus and L. acidophilus and concluded that only 
slight differences existed between them. They suggested 
that L. bifidus should be regarded as a variant of L. 
acidophilus. When the silage strains were compared 
with L. acidophilus it was clear that we were not 
working with the latter organism. This was obvious not 
only from temperature growth limits but also in the 
fermentation of carbohydrates. Lactobacillus acidophilus 
(Tittsler et al., 1947; Rogosa et al., 1953) usually fer- 
mented trehalose, salicin, cellobiose, lactose, and 
sucrose. The silage strains either failed to ferment these 
compounds or showed considerable variability on them. 
Lactobacillus acidophilus also failed to ferment certain 
compounds which were in many instances fermented by 
the silage organisms. These included mannitol, meli- 
biose, raffinose, rhamnose, sorbitol, and esculin. 

The authors find it difficult to properly place these 
organisms among the already established species of 
lactobacilli. The fact that these strains have the ability 
to branch does not necessarily place them in the same 
group as L. bifidus because other workers have shown 


wide variation in morphology among the lactobacilli. 
Harrison (1952) noted pleomorphism among strains of 
Lactobacillus fermenti. Some cells showed extreme 
variances in length and tiny “buds” were attached to 
shorter rods. In occasional instances cells did show 
branching. Weiss and Rettger (1934) observed branch- 
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ing forms of L. acidophilus. They found Y and T forms, 
as well as clubbed, nobbed, and vesicular forms. The 
data strongly suggest that our branching strains should 
be included with the high acid producing homo- 
fermentative lactobacilli, Although they do not always 
behave in the accepted manner or show the normal 
fermentation pattern, they are more closely related to 
L. plantarum and L. casei than any of the other groups, 
Because of the variations in this group and the con- 
fusion that already exists among species in the genus 
Lactobacillus, the authors hesitate to apply a specific 
name until more detailed comparisons are made. It 
should be mentioned that the branching strains are 
extremely stable. The carbohydrates listed in table 7 
were retested after the cultures had been held in the 
refrigerator for about 3 years. Only one strain varied 
and it lost the ability to ferment salicin. Repeated 
tests were also made on representative strains of the 
other lactobacilli studied. Few showed variations when 
retested. Occasionally an organism lost the ability to 
ferment a certain compound but in most cases it had 
originally given a slow or weak fermentation. None of 
the organisms tested gained the ability to ferment a 
compound. 

The present investigation on silage lactobacilli has 
served to further point out the variability among 
organisms of this group. Because of these results and 
those of other investigators on organisms in the genus 
Lactobacillus which are motile, catalase positive, nitrate 
positive, and dextran producers, it seems reasonable 
that our taxonomical viewpoints should be emended 
and broadened to include these strains. Generally, 
workers in this field are in agreement that much is 
lacking in our present system of classifying the lactic 
acid bacteria. In fact, the majority of the species 
described in Bergey’s Manual are insufficient for proper 
classification purposes. One needs only to spend a few 
minutes reviewing the genus Lactobacillus to realize the 
problems involved. In the majority of cases, too few 
characteristics are given and much work has been based 
upon sugar fermentation. As pointed out earlier, the 
lactobacilli are relatively stable in the fermentation of 
carbohydrates but these reactions should be coupled 
with cultural and other physiological characteristics to 
obtain a broad spectrum of reactions. Also, too few 
investigators have failed to determine by-products and 
optical activity of the lactic acid produced. 

Although about 50 different characteristics were made 
on each strain in this study, it was difficult in some 
instances to place strains in a species with complete 
confidence. Some strains fit none of the known groups. 

No claim is made here that all of the different species 
of lactic acid bacteria in silage have been isolated. The 
ones studied were peculiar to the grass ensiled, and the 
types which would grow under the isolation techniques 
and temperatures used. It is obvious, however, from 
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this study that a diversity of lactie acid bacteria is 
responsible for production of acids in forage. A subse- 


quent paper will deal with the sequence changes of 
these organisms in forage and their importance in the 
fermentation process, 
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SUMMARY 


The hetero- and homofermentative lactobacilli from 
forage and silage have been described. The most 
frequently occurring lactobacilli in this study were (a) 
Lactobacillus brevis, (b) Lactobacillus brevis (variable), 
(c) Lactobacillus casei, (d) Lactobacillus casei (variable), 
(e) Lactobacillus plantarum, (f) Lactobacillus arabinosus 
(Lactobacillus plantarum) and (g) branching lactobacilli. 

All of the cultures were typical of lactobacilli in that 
they were facultative anaerobes, gram-positive, non- 
sporeforming, nonpigmented, and produced mainly 
lactic acid from glucose. 

Variable strains were described which were able to 
synthesize dextran, produce catalase, and reduce 
nitrate. The authors have suggested that the present 
taxonomical concept of the lactobacilli be broadened 
to include these variable strains. 
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An accurate estimate of the slope of the thermal 
death time curve of Mycobacterium tuberculosis var. 
bovis in milk has not been reported, and only a few 
attempts to construct such curves for this organism 
have been made (North and Park, 1927; Oldenbush 
et al., 1930). Ball (19438) concluded that none of the 
thermal resistance data reported in the literature was 
applicable to the construction of thermal death time 
curves for .W. tuberculosis in milk. A possible non- 
linearity in the curve at temperatures above 67 C was 
indicated by Faxholm (1949). 

The project reported here was undertaken to study 
the characteristics of the thermal death time curve of 
M. tuberculosis var. bovis in milk. 

? Paper of the journal series, New Jersey Agricultural Ex- 
periment Station, Rutgers, the State University, Department 
of Dairy Science, New Brunswick, New Jersey. This investiga- 
tion was supported by research grant RG4060 from the U. 8. 
Public Health Service. 

* Present address: Mellon Institute, Pittsburgh, Pennsy]- 
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Figure 1. Thermal death time curve of Mycobacterium tu- 
berculosis var. bovis 12621 in milk. 


EXPERIMENTAL METHODS 

Three strains of JW. tuberculosis var. bovis were 
employed, strain USDA 854, strain ATCC 11756, and 
strain ATCC 12621. Cultures were carried on slants of 
Dubos medium (Dubos and Middlebrook, 1947), and 
cells for the test suspensions were prepared by ob- 
taining a submerged, dispersed growth in Dubos 
Tween-albumin medium (Dubos and Middlebrook, 
1947). Cells were harvested by centrifugation after 8 to 
10 days of incubation on a shaker bath at 37 C, washed 
three times in physiological saline containing 0.05 per 
cent Tween 80,° and resuspended in the same saline- 
Tween diluent. The extent of cell clumping was con- 
trolled by shaking with glass beads and _ filtration 
through two sheets of Schleicher 597 filter paper. The 
degree of cell clumping was determined microscopically. 
Viable cell counts were performed on Dubos oleic-acid 

8 Polvoxvethylene sorbitan monooleate, General Bio- 
chemicals, Inc., Chagrin Falls, Ohio. 
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Figure 2. Thermal death time curve of Mycobacterium tu- 
berculosis var. bovis 11756 in milk. 
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albumin medium (Dubos and Middlebrook, 1947) ac- 
cording to lenner et al. (1949). The counts were re- 
ported only approximately because of the cell clumping 
in the suspensions. 

The thermal death time equipment was essentially 
the same as that employed by Kronenwett et al. (1954) 
and Bachmann (1954). This equipment provided instan- 
taneous heating and efficient mixing of the test sus- 
pension in the milk, accurate sampling at short-time 
intervals, and rapid cooling of the samples. Samples 
injected into the heating bath were uniformly mixed 2 
sec after injection, and experimentally determined 
cooling curves indicated that negligible lethal heat was 
applied to the test organisms during the cooling period. 

Surviving organisms were recovered in Dubos liquid 
medium containing 0.0001 per cent malachite green 
without Tween 80. Incubation of these tubes for 3 to 4 
weeks at 37 C was followed by transfer to slants of the 
same medium as a confirmation step. After 4 weeks of 


‘Carl Schleicher and Schuell Company, Keene, New Hamp- 
shire 
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Figure 3. Thermal death time curve of Mycobacterium tu- 
berculosis var. bovis 854 in milk. 
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Figure 4. Thermal death time curve of Mycobacterium tu- 
berculosis var. bovis 11756 in milk. 
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incubation at 37 C, the slants were examined for the 
presence of characteristic colonies. 
RESULTS AND DISCUSSION 

A thermal death time curve was determined for each 
strain in the temperature range of 64 to 69 C, and the 
effect of cell clumping upon the z value of VW. tuberculosis 
var. bovis in milk was investigated. The experimental 
thermal death time curves are presented in figures 1 
through 4, and the results of these studies are summa- 
rized in table 1. The z values obtained for the strains 
employed range from 4.8 C (8.6 I’) to 5.2 C (9.4 F), and 
are considerably lower than the z value of 12.4 F caleu- 
lated by Ball (1943) from the existing data. All curves 
obtained were linear in the temperature range of 64 to 
69 C. The extent of cell clumping in the test suspension 
appeared to have no effect upon the z value obtained 
for strain 11756. Figure 5 depicts the comparison of the 
thermal death time curve of strain 11756 at the maxi- 
mum probable concentration to be found in naturally 
contaminated milk, the curve reported by Ball (1943), 
and the curve drawn through the present pasteurization 
standards for milk. These results indicate that the 
present pasteurization standards provide a margin of 
safety of approximately 28!5 min at 143 F, and ap- 
proximately 14 sec at 161 F. These margins of safety 
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Figure 5. Comparison of thermal resistance curves with 
pasteurization curve. A, curve drawn through present milk 
pasteurization standards. B, thermal death time curve for 
Mycobacterium tuberculosis in milk from Ball (1943), z value = 
12.4 F. C, experimental thermal death time curve for M. tu- 
berculosts var. bovis 11756 (cone = 10*/ml milk, z value = 8.6 F). 
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may, in fact, be greater, because the present pasteuri- 
zation standards represent holding times and temper- 
atures, and ignore any lethal heat which may be applied 
in the pre-holding and cooling periods. 
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TABLE 1 
Thermal death time data for three strains of Mycobacterium 
tuberculosis var. bovis in milk 


Approxi- Cell Dispersion 


mate —— 
Viable 2 
Strain Cell Remain- 
Conc | Percent der 
per Mi | Single (cells 
Milk cells per 
clump) 


Thermal Death 


< z Value* 
Time in Sec Value 


ATCC 106 10-20 2-10 64.0C >38 <4 4.8C 
12621 65.0 C >19 <22 | (8.6 F) 
66.0 C >13 <15 
6(7.0C >8 <9 
68.0C >5 <6 
69.0C >3 <4 


ATCC 108 10-20 2-10 64.0C >28 <36 IC 
11756 65.0 C >19 <21 | (8.8 F) 
66.0 C >13 <15 
67.0C >7 <8 
68.1C >4 <5 
69.0C >2 <3 


— 


USDA 106 10-20 2-10 64.0C >27 <30 5.2'C 
65.0 C >13 <15 (9.4 F) 
66.1 C >10 <11 
67.0C >7T <8 
68.0C >5 <6 
69.0C >3 <4 


ATCC 10 60-70 2-5 64.0C >34 — 8&C 
11756 65.0 C >18 <22 | (8.6 F) 
66.0 C >12 
67.0C >7 <8 
68.0C >5 <6 
69.0C >3 <4 


+ 





* Determined from the thermal death time curve. Equiva- 
lent to the number of degrees of temperature required for the 
curve to pass through one log cycle. 
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SUMMARY 


The range in z values determined for three strains of 
Mycobacterium tuberculosis var. bovis in milk was 4.8 C 
(8.6 F) to 5.2 C (9.4 F). The thermal death time curves 
of the three strains were found to be linear in the range 
of 64 to 69 C. The extent of cell clumping in the test 
suspensions had no effect upon the z values obtained 
for strain 11756. The results obtained employing a cell 
concentration comparable to the maximum probable 
concentration to be found in naturally infected milk 
indicate that the present pasteurization standards 
provide a margin of safety of approximately 2815 
min at 143 F, and approximately 14 sec at 161 F. 
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A Microbiological Reduction of the Cortisone A-Ring by 


Streptomyces sp. 
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A large number of reports on microbial hydrogena- 
tions of steroid carbonyls and double bonds exist in 
the literature and have been reviewed extensively by 
Eppstein et al. (1956). Among these reports are only 
two, both poorly defined conditions, which 
describe the hydrogenation of A*-3-keto steroids to 3a- 
hydroxy steroids with the pregnane structure. Mamoli, 
Koch, and Teschen (1939) reported the conversion of 
At-androstene-3,17-dione to  etiocholane-3a, 178-diol 
using Bacillus putrificus. The culture was apparently 
an anaerobe but was never really characterized. Epp- 
stein et al. (1956) were unsuccessful in attempting to 
reproduce the conversion with a variety of anaerobes in 
pure culture. Only after using a very complex mixed 
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were then recovered by batch extraction with ethyl 


. acetate. 


The ethyl acetate was concentrated to 0.5 gal, de- 
positing 130 g of substrate compound E. After the 
filtrate was partitioned between petroleum ether and 
ethyl acetate, followed by partitioning between ben- 
zene and ethyl acetate, it was charged to 3.0 kg ot 
acid-washed alumina. The column, with a hold-up 
volume of 2.5 L, was developed at a rate of 35 ml per 
min and column cuts of 1.8 L were taken. The reduced 
product came off with 2.0 per cent methanol in acetone. 
This material was then partitioned over a 0.5-kg 
Supercel column using chloroform saturated with 
formamide-methanol as the developing solvent. The 





culture did these workers observe the conversion Supercel was prepared for loading by blending in a 
CH:0OH CH.OH 
| 
C=O C=O 
O | O 
' -— — ( 
Re be OH ede )H 
i Streptomyces sp. 
; Pan LA us —_ ee “4 Piles PF aes 
| 
' HO H 
Cortisone Tetrahydrocortisone 


Figure 


of lla-hydroxyprogesterone to  3a-lla-dihydroxy- 
pregnane-20-one. 

The biological importance of this transformation is 
apparent in that Schneider (1950) demonstrated tetra- 
hydrocortisone (pregnane-3a, 17a ,21-triol-11 ,20-dione) 
to be a normal mammalian metabolite of cortisone. 
We wish to report the observation of this transforma- 
tion using a Streptomyces sp. (figure 1). 


EXPERIMENTAL METHODS 

Streptomyces sp. strain MA449 was grown in a 150-gal 
fermentor for 48 hr at 28 C in a medium of the following 
composition per L: glucose, 20 g; (NH4)2HPO,, 7.5 g; 
K:HPO,, 1.0 g; MgSO,, 0.5 g; KCl, 0.5 g; ZnSO, 
10 mg; FeSO,, 10 mg. Following the growth phase, 
cortisone in dimethylformamide solution (100 mg per 
ml) was added to yield a substrate concentration of 
0.2 g per L. After a transformation period of 70 hr, 
the mycelium was removed by filtration. The steroids 


\pregnane-3q@, 17a@,21- 
triol-11,20-dione) 
1 


Waring Blendor, using the developing solvent as the 
packing solvent vehicle. To the blend was added a 
mixture of 75 per cent formamide and 25 per cent 
methanol, using 1 ml per g of Supercel. The ratio of 
steroid to Supercel mass was 1:40. The column hold-up 
was 1 L and cuts of 100 ml were taken with develop- 
ment of 3 ml per min. 

After 214 column passes, a 2-L fraction was obtained 
which yielded 1.5 g of crystalline reduced steroid. The 
material did not absorb UV light but gave a positive 
tetrazolium reaction. The crystals were recrystallized 
3 times from ethyl acetate following a Nuchar C-1000 
treatment. They were dried in vacuo for 3 hr at 117 C. 
The mp 186-190 C (lit. 190-191 C.) was observed on 
vapillary heating 1 C per min; mixed melting point 
with authentic 
gave no depression. The specific rotation was +85.5 
(C = 1.0 in 100 per cent EtOH) as compared to the 
literature value of falp = +85.0 (C = 1.0 in 100 per 


11 ,20-pregnanedione-3a, 17a ,21-triol 
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cent EtOH). The infra red spectra were identical and 
superimposable with the reference compound (band 
at 1041 em™'). Paper chromatography showed this 
product to be resolvable from allopregnane-38 , 17a ,21- 
triol-11,20-dione (Reichstein’s substance D) but not 
from the reference compound when run in a mixed 
chromatograph using chloroform-formamide 2:1 on 
Whatman! no. + paper for 4 hr. 


Elementary analysis showed: for CH 0; (mol 
wt 364.46) 
Calculated Found 
Carbon C 69.2 69.80 
Hydrogen H 8.86 9.05 


' Manufactured by W. and L. Balston Company, England. 
American distributors. 
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SUMMARY 


The reduction of cortisone to tetrahydrocortisone 
by a Streptomyces sp. is herein reported. 
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Bacterial fermentation has become the method of 
choice for the determination of C™ distribution in 
p-glucose (Gunsalus and Gibbs, 1952; Bernstein et al., 
1955), p-galactose (Schambye, Wood, and Kleiber, 
1957), p-xylose (Gest and Lampen, 1952; Bernstein, 
1953; Altermatt, Blackwood, and Neish, 1955), and 
L-arabinose (Ginsburg and Hassid, 1956), as well as 
numerous other carbohydrates, organic acids, and 
related cell metabolites. Occasionally, the enzymatic 
systems that accomplish these dissimilations are stable 
to conventional methods of freeze-drying or dehydration 
with acetone. In many other instances, the intact 
viable organisms are required. When the latter are 
employed, considerable time and effort must be ex- 
pended in the growth and harvest of the fresh cells 
prior to use as a tool for degradation. The commercial 
availability of preserved viable bacterial preparations 
that can be stored for prolonged periods of time with 
refrigeration or possibly, at room temperature, yet 
still retain their desired degradative properties would 
be a valuable addition to the biochemist’s reagent 
shelf. Such “bacterial reagents” could be grown under 
defined and carefully controlled conditions by com- 
mercial methods, assayed for their assigned purpose, 
and then distributed through 


normal commercial 


1A laboratory of the Western Utilization Research and 
Development Division, Agricultural Research Service, U. 8. 
Department of Agriculture. 


channels in a manner quite analogous to the handling 
of other biochemical reagents. 

A method whereby bacteria as well as other biological 
tissue can be dehydrated and stored on a practical 
basis, and in such a way that a high percentage of the 
cells remain viable, has recently been described by 
Graham, Brown, and Ramage (1958, 1959). Briefly, 
their procedure involves the rapid freezing of droplets 
of a moderately thick bacterial suspension in Freon?:* or 
some other suitable coolant at —50 C, evaporation 
of the coolant from the frozen droplets at —35 C and, 
finally, dehydration of the frozen droplets by mixing 
them intimately with successive batches of dry silica 
gel in vacuo at —30 C to remove the free ice, followed 
by a second stage at room temperature to complete 
the drying. The dried droplets retain their pellet-like 
shape and can be conveniently packaged and handled 
in this way. 

We have applied the dehydration process of Graham, 
Brown and Ramage to the preservation of Leuconostoc 
mesenteroides and Lactobacillus plantarum. Samples of 
these dried organisms, stored for over 1 year at —15 C 
in the presence of air have shown no qualitative change 


2 E. I. du Pont de Nemours and Company, Inc., Wilming- 
ton, Delaware. 

’Use of trade names of specific materials or equipment 
does not constitute a recommendation by the United States 
Department of Agriculture. 
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in their ability to ferment specific sugars. Slight losses 
in the quantitative aspect of these degradations were 
noted but are of minor consequence and probably could 
be improved by more careful packaging before storage 
(in vacuo or under inert gas). It appears that the de- 
hydration procedure employed in the preservation of 
these bacterial reagent preparations is, indeed, a useful 
one and one well suited to the commercial production 
of microbial source material for use as reagents in 
research, medicine, and industry. 


MATERIALS AND METHODS 


Leuconostoc mesenteroides. This organism was main- 
tained on agar slopes as described by Gunsalus and 
Gibbs (1952). Batch quantities were prepared after 
several subcultures in liquid media (Gunsalus and 
Gibbs, 1952). The final batch growth was started when 
the organisms showed vigorous CO, production. The 
broth was modified at the suggestion of M. Gibbs to 
include 10 per cent of a tomato juice serum prepared by 
diluting one can of tomatoes fourfold, steaming for 0.5 
hr, filtering, and finally sterilizing the clear yellow 
serum. This modification considerably improved the 
yield of organisms at the point of maximal gassing at 
which time the cells were harvested. In general, this 
point was reached 12 to 15 hr after inoculation with a 
(0.1 per cent inoculum at 30 C. 

Lactobacillus plantarum. This organism was main- 
tained in stab cultures as described by Gest and Lampen 
(1952). Batch cultures were prepared after a minimum 
of two subcultures in the final broth medium (Gest 
and Lampen, 1952). The batch cultures were incubated 
for 40 hr at 35.5 C. 

Recovery, dehydration, and storage of bacteria. Prior 
to recovery of the cells, the carboys containing the 
bacterial broth were thoroughly chilled in ice water. 
Bacteria were collected in a Sharples*: 4 supercentrifuge. 
The thick suspension of cells recovered from the centri- 
fuge bowl was composed of about 30 per cent solids. 
It was diluted to approximately 10 per cent dry solids 
with cold water or with a fortifying solution that con- 
tained 0.015 g each of ammonium chloride, thiourea, 
and ascorbic acid per 100 g of dry solids. The suspension 
was then adjusted to pH 6.5 to 7.0 with dilute sodium 
hydroxide and maintained at 0 C. 

This cold dilute suspension was slowly dripped from 
a hypodermic syringe equipped with a square-cut no. 18 
needle into a bath containing a mixture of trichloro- 
monofluoromethane and trichlorotrifluoroethane main- 
tained at —50 C. The frozen pellets were floated onto 
a wire screen, drained, and the excess coolant permitted 
to evaporate slowly at —30 C in a ventilated freezer 
chest. The pellets were then transferred at subzero 
temperature to a metal container equipped with a 


‘The Sharples Corporation, Philadelphia, Pennsylvania. 
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sealable lid plus a valve and nipple for evacuation of 
the container. Before adding the bulk of the silica gel, 
the pellets were dusted with 0.05 per cent of their 
weight of submicron size amorphous silica. This coating 
prevented clumping of frozen pellets with themselves 
or with silica gel particles during subsequent drying 
(Graham ef al., 1959). For every 10 g of frozen pellets, 
40 g of dried silica gel (minus 14-, plus 20-mesh) was 
added until the container was approximately half full. 
Then it was sealed, evacuated to 1 mm Hg and the 
valve closed. The container was shaken to mix the 
silica gel and frozen pellets and placed on its side in a 
rolling device that slowly rotated the can, continuously 
mixing the contents. After 4 hr, the can was opened at 
—18 C and the pellets of bacteria separated from the 
finer silica particles on a coarse sieve. The pellets had a 
moisture content of about 10 per cent at this point. 
Next, they were repacked in vacuo in a smaller can with 


TABLE 1 
Biological activity of dehydrated bacteria after storage 
as measured by fermentation* of specific sugars 


Batch : ~— , Weight Sugar 
No. Organism Stor- usar Fermented of Cells Fer- 
ae per mented 
Assay 
I Leuconostoc  mesen- 0 p-Glucose 0.1 100 
teroides (grown on 3. v-Glucose 0.1 90 
p-glucose media) p-Glucose 0.2 100 
53. -p-Glucose 0.15 90-95 
152. v-Glucose 0.2 55 
442. p-Glucose 0.2 140-50 
II Leuconostoc mesen- 239  L-Arabinose 0.1 85 
teroides (grown on 359 v-Glucose 0.2 40 
p-glucose plus L- 362 p-Glucose 0.5 S85 
arabinose media) 

III Lactobacillus plan- 0 p-Xylose 0.1 100 
tarum (grown on 5  p-Xylose 0.2 90 
p-glucose plus p- 21  p-Xylose 0.2 95-100 
xylose media) 280  p-Xylose 0.4 90-95 

*Each fermentation consisted of the addition of 45 mg 


sugar, 0.2 ml 1.0 m phosphate buffer, pH 5.6, 0.4 ml caleium 
phosphate gel (approximately 25 mg solids per ml), 5.4 ml 
COs-free distilled water in outer well of fermentation flask, 
and 1.0 ml 1 N CO.-free sodium hydroxide in the center well. 
The rubber serum bottle cap was fixed in place and the flask 
evacuated by means of a hypodermic needle inserted through 
the cap. Then 4.0 ml of the rehydrated, washed bacterial sus- 
pension were added through the cap by means of a hypodermic 
syringe. The flasks were incubated for approximately 90 min 
at 30 C for Leuconostoc mesenteroides and at 35.5 C for Lacto- 
bacillus plantarum. At the end of the incubation, the vacuum 
was broken with COs-free air from a hypodermic needle at- 
tached to a soda-lime reservoir. The alkali in the center well 
Was pipetted into a gas-assay apparatus and its CO: content 
analyzed or converted to barium carbonate and weighed. The 
soluble fermentation products were separated from the cells 
by centrifugation. 
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5 times their weight of dry silica gel and, after thorough 
mixing, left at room temperature for 16 hr. The final 
pellets had a moisture content of about 1 per cent. They 
were sufficiently uniform in size and density to permit 
the estimation of a given weight by counting pellets 
after the approximate number of pellets per unit weight 
had been determined. The pellets were recovered in a 
dry box by sieving and packaged in glass vials (ap- 
proximately 1 g per vial). The vials were stored at —15 
C in larger containers with anhydrous calcium sulfate 
as a desiccant. 

Sugar degradation experiments. After varying periods 
of storage, the dried bacterial pellets were disintegrated 
in 0.01 m phosphate buffer, pH 5.6 (1 g dry pellets per 
50 ml buffer), thoroughly suspended, and then centri- 
fuged at 10,000 X g for 10 to 15 min at 5 C. The super- 
natant liquid was discarded and the packed cells 
resuspended in water or dilute buffer and used im- 
mediately. A single wash appeared to be sufficient for 
removal of soluble residues of the culture medium al- 
though additional washes did not appear to harm the 
rehydrated bacteria as long as the washing procedure 
was not unduly prolonged. 

Samples were assayed for COs, ethanol, and lactic 
acid production in the case of glucose fermentation, and 
for acetic and lactic acid production in the case of 
pentoses. Radioactive products were further degraded 
by chemical methods to determine the distribution of 
C™, Fermentations were accomplished in flasks similar 
to those described by Katz, Abraham, and Baker 
(1954). Carbon dioxide evolved during the fermenta- 
tion was trapped in sodium hydroxide in the center 
well. The soluble products of the reaction were sepa- 


[voL. 8 


rated by established methods (Abraham and Hassid, 
1957; Bernstein and Wood, 1957). Ethanol was dis- 
tilled from the neutral reaction mixture and oxidized 
to acetic acid with potassium dichromate and mineral 
acid. Acetic and lactic acids were separated on and 
recovered from silicic acid using a 0 — 30 per cent 
gradient of n-butanol in chloroform (Bulen et al., 1952), 
The acids were titrated with dilute base using phenol 
red as an indicator. Lactic acid was degraded chemically 
with acid permanganate to carbon dioxide and acetic 
acid. Acetic acid from each of the reactions just de- 
scribed or from the fermentation mixture was further 
degraded to methyl amine and carbon dioxide by the 
Schmidt reaction. Finally, the methyl amine was 
oxidized to carbon dioxide with alkaline permanganate. 
Carbon dioxide from each of the various degradation 
steps was assayed for radioactivity in a gas phase 
proportional counter (Van Slyke et al., 1951). 


RESULTS AND DISCUSSION 


Samples of the dehydrated bacteria were assayed for 
their ability to ferment specific sugars after various 
lengths of storage. The results of these assays are 
summarized in table 1. To provide a measure of biologi- 
cal activity, an attempt was made to keep the quantity 
of dried cells used in each assay below the amount 
necessary to achieve 100 per cent fermentation of the 
sugar present. Thus in the case of L. mesenteroides 
from batch II that had been stored 359 days, 0.2 g of 
dry cells could ferment about 20 mg of glucose in 90 
min. Assays performed 3 days later with 0.5 g of dry 
cells per vessel fermented twice that amount of glucose 
in the same period of time. Controls run without added 


TABLE 2 








Days of Storage Pretreatment Labeled Substrate 
3 Fortified p-Glucose-1-C4 
Nonfortified p-Glucose-1-C™ 
Fortified p-Glucose-2-C!4 
Nonfortified p-Glucose-2-C™ 
Fortified p-Glucose-6-C!4 
Nonfortified p-Glucose-6-C!4 
442 Nonfortified p-Glucose-1-C'* 
| Nonfortified p-Glucose-2-C! 
Nonfortified p-Glucose-6-C™ 





* See table 1 for assay conditions. 

+ The carbon atom of the original site of labeling is assigned an arbitrary value of 100. Other carbon activities are compared 
to this value. In most 3-day storage experiments the ethanol and lactic acid were not degraded. Their activities are reported as 
single values representing the combined activities of all carbon atoms in the molecule. 


Degradation* of labeled b-glucose with dehydrated, stored Leuconostoc mesenteroides 


Distribution of C4 Among Fermentation Productst 








Ethanol Lactic acid 
Carbon dioxide |——————— — _ 
—CH3 —CH:OH —COOH =CHOH —CHs 
100 —1.5— —0.0— 
100 4.6 0.1 —0.2— 
0.0 —100— —0.0— 
0.0 100 | 2.1 —0.1— 
0.0 —5.2— —100— 
0.1 —0.6— —100— 
100 2.3 0.0 0.7 | 0.0 0.4 
0.0 100 0.9 0.1 | 0.1 0.0 
0.0 1.4 —_ 0.8 | 


0.0 100 
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sugar produced very little carbon dioxide or soluble 
fermentation products. Even when 0.5 g of dried cells 
was used, the control was less than 5 per cent of the 
value obtained with added substrate. 

An attempt was made in batch II to obtain L. 
mesenteroides preparations that would be useful on 
sugars Other than glucose. To this end, the bacteria 
were subcultured and grown in three separate batches 
on dual sugar substrates. The sugars were p-glucose 
and p-galactose, p-glucose and p-xylose, and p-glucose 
and t-arabinose. All mixtures contained 0.5 per cent of 
each sugar in the final growth media. Each batch of 
bacteria grew normally. The freshly harvested cells 
were not assayed. After dehydration all three batches 
retained their p-glucose fermenting ability but only 
the one grown on p-glucose plus L-arabinose retained 
the ability to ferment the second sugar component 
with the same vigor as p-glucose. It might be necessary 
to completely adapt the organism to the second sugar 
in the absence of p-glucose in the case of p-galactose or 
p-xylose (Altermatt et al., 1955; Schambye et al., 1957). 

Lactobacillus plantarum grown on a mixture of pb- 
glucose and p-xylose, dehydrated and then stored for 
21 days at —18 C retained practically the same activity 
toward fermentation of p-xylose as freshly harvested 
bacteria. Other experiments, not reported here, show 
that L. plantarum grown on p-glucose plus L-arabinose 
also retains its L-arabinose-fermenting ability after 
dehydration. 

Table 2 summarizes distribution data obtained from 
experiments in which chemically synthesized p-glucose- 
1-C'" -2-C™", and -6-C™ were fermented with L. mesen- 
leroides that had been dehydrated, stored, and then 
rehydrated just prior to fermentation. Bacteria dehy- 
drated and stored for 3 days before use could ferment 
about 2 times the glucose in the same length of time 
as bacteria stored for 442 days. Nevertheless, the iso- 


TABLE 3 
Comparison of p-glucose fermentations* performed 
with fortified and nonfortified preparations of 
Leuconostoc mesenteroides 


p-Glucose 


Time after Weight of Dry 





Rehydration Treatment Cells per Assay es in 
—— ae = : co _ 
hr g / 

0 Fortified 0.1 30 

; 95 

Nonfortified 0.1 90 

0.2 100 

4 Fortified 0.1 20 
0.2 50 

Nonfortified 0.1 45 

0.2 55 


* See table 1 for assay conditions. 
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topic distribution data were as reliable from the cells 
stored for a long period of time as from those stored 
only a few days or those that were freshly harvested. 
Furthermore, the data gathered on bacteria stored 
for 442 days were obtained from incomplete fer- 
mentation experiments (about 50 per cent of the 
glucose degraded). The sugar not degraded was ac- 
counted for as glucose after fermentation. It would 
appear that only those bacteria that remained viable 
continued to ferment glucose and that incomplete 
processes that might destroy glucose but not yield the 
expected products were absent. 

Attempts to improve the viability of dried cell 
preparations with a fortifying reagent mixture prior to 
freezing and dehydration were unsuccessful. In fact, 
the bacteria that were treated showed a slightly lower 
biological activity after rehydration than unprotected 
preparations. Table 3 gives comparative data on the 
fermentation of p-glucose by fortified and nonfortified 
L. mesenteroides immediately after rehydration and 
one wash and again after the suspension had stood at 
room temperature for 4 hr. Degradations of p-glucose-1- 
C'", -2-C', and -6-C" revealed no differences between 
fortified and nonfortified preparations (table 2). 

The preparations described in this study have also 
been used in numerous experiments involving the 
determination of C' distribution in p-glucose, p-xylose 
and L-arabinose derived from labeled plant materials 
(Loewus ef al., 1958; Finkle et al., 1960). 

The use of viable dehydrated bacterial preparations 
appears to be a very valuable ‘‘reagent’”’ for the assay 
and degradation of specific C'-labeled sugars. The 
experiments and results presented here demonstrate 
the potential use that can be made of the dehydration 
process described by Graham, Brown and Ramage 
(1958, 1959). Other uses involving different bacteria 
and biochemical products of plant and animal metab- 
olism are equally applicable. 

While this study was in progress, brief mention of the 
stability of L. mesenteroides after lyophilization was 
made in a paper by Hiatt et al. (1958). 


ACKNOWLEDGMENTS 
The starting cultures were kindly provided by 
Professor H. A. Barker, Department of Biochemistry, 
University of California, Berkeley. The chemically 
synthesized p-glucose-1-C, -2-C“, and -6-C were 
obtained from Dr. H. 8. Isbell, National Bureau of 
Standards, Washington, D. C. 


SUMMARY 


Thick suspensions of Leuconostoc mesenteroides and 
Lactobacillus plantarum were frozen in the form of small 
pellets and then dehydrated at a low temperature in 
the presence of silica gel. The dried bacterial prepara- 
tions retained their ability to ferment specific sugars 
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for extended periods of time when stored at —15 C. 
Fermentation of p-glucose-1-C™, -2-C™, or -6-C™ with 
> 
freshly dried or with 442-day-old preparations revealed 
J ) I 
that. storage had no effect upon the location of C™ in 
the fermentation products. 
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A recent review (Carlueci and Pramer, 1959) of 
present knowledge of factors affecting the survival of 
bacteria in sea water provided no satisfactory ex- 
planation for the rapid decrease in bacterial numbers 
with distance from land. Numerous suggestions have 
been made but few were tested experimentally. Since 
the practice of disposing of wastes in the sea has in- 
creased, causing pollution of shellfish areas and bathing 
beaches, information regarding the survival of bacteria 
in sea water has assumed public health significance. An 
evaluation of the contribution of various physical, 
chemical, and biological factors to the death of bacteria 
in a marine environment appeared desirable. It was 
possible that a study of this nature would also indicate 
why bacteria die less rapidly in autoclaved than in un- 
treated sea water. Although the beneficial effect of heat 
sterilization on the survival of bacteria in sea water 
was first described in 1885 (Nicati and Reitsch) and 
was reported periodically by various investigators 
located throughout the world (de Giaxa, 1889; Kiri- 
bayashi and Aida, 1934; ZoBell, 1936; Krassilnikov, 
1938; Ketchum et al., 1949; Vaccaro et al., 1950; 
Nusbaum and Garver, 1955; and Richou et al., 1955) 
the identity of the factors responsible for the phe- 
nomenon remains to be established. 

Before the survival of Escherichia coli could be in- 
vestigated, a method was needed whereby the test 
organism was recovered quantitatively from sea water. 
The present paper describes the development, stand- 
ardization, and evaluation of a suitable procedure. 


EXPERIMENTAL PROCEDURES AND RESULTS 
' 


Medium and plating procedure. Various selective 
media for the isolation and enumeration of coliform 
bacteria are available commercially. Of these, EMB 


' Paper of the journal series, New Jersey Agricultural Ex- 
periment Station, Rutgers, The State University, Department 
of Agricultural Microbiology, New Brunswick, New Jersey. 
This investigation was supported in part by research grant 
E1437 from the National Institute of Allergy and Infectious 
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Service. 
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agar (Levine, 1943) and Tergitol 7 agar (Chapman? 
1947) favor growth of E. coli and facilitate its identi- 
fication. The development of £. coli on selective as well 
as on nonselective agar media was examined. For this 
purpose approximately 10 ml of agar were added to 
each of a number of sterile Petri dishes and allowed 
to solidify. One-tenth ml of appropriate dilutions of 
24-hr cultures grown on nutrient-lactose agar was dis- 
tributed over the surface of the various media. To 
overcome spreading and coalescing colonies, absorbent 
dises* were placed in the Petri dish tops. The plates 
were incubated for 24 hr at 37 C and colony counts 
were made. The composition of the media tested and 
the results obtained are shown in table 1. 
Escherichia coli developed best on Tergitol 7 agar 
producing a yellow colony surrounded by a yellow 


’ Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 


TABLE 1 


Growth of Escherichia coli on various agar media 





Composition of Medium 


Medium Constituents Beira 
Nutri- 














Sas Levine Tergitol 
Nutrient — EMB* 7s 
ro % % % ne. ” aes 
Bacto-peptone............. 0.5; 0.5] 1.0 
Proteose peptone no. 3..... 0.5 
Bacto-beef extract......... 0.3 | 0.3 
Bacto-yeast extract........ 0.3 
Bacto-lactose.............. LG) -B0 1.0 
MARES ee on kw tn sk 0.2 0.2 
[| he 1.5, 1.5] 1.5 1.5 
Bacto-eosm. VY ........5... 0.04 
Bacto-methylene blue...... 0.0065 
EQRONUOR Co... 54.0 in oi ec0's Pe? 0.01 
Bacto-brom thymol blue... 0.0025 
RMN EE. fos ete bso Fle ores 6.7 TO TA 6.9 
Colony counts as per cent 
on nutrient agarf........ 100 88.9 | 93.5 119.7 


* Difco, dehydrated medium, Difco Laboratories, Inc., 
Detroit, Michigan. 
+ Based on mean of 4 replicates. 
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halo. The addition to Tergitol 7 agar of 40 ppm tri- 
phenyltetrazolium chloride (TTC) that was previously 
rendered bacteria-free by filtration through sintered 
glass (UF), greatly facilitated the identification of F. 
coli without influencing its growth. On this medium 
the test organism produced brown centered colonies 
surrounded by a yellow halo that were readily differen- 
tiated from colonies of Aerobacter aerogenes which had 
dark red centers and a blue halo as described by Chap- 
man (1951). 

Sampling sites and procedures. Water samples were 
collected at two sites. Bay water was obtained from 
Victory Bridge in Perth Amboy, New Jersey. Ketchum 
et al. (1952) employed this location in their studies of 
the survival of coliform bacteria in a tidal estuary and 
described the physical, chemical, and biological charac- 
teristics of a typical tidal cycle. Sea water was col- 
lected approximately 600 feet offshore from a com- 
mercial pier at Long Branch, New Jersey. The area is 
free of pollution and receives little or no fresh water 
dilution. 

All collections were made at or just prior to high 
tide with a polyethylene bucket of approximately 14- 
gal capacity. The temperature of a portion of the water 
sample was measured immediately after collection. 
Other portions were added to flasks previously washed 
and sterilized. These were packed in ice and transported 
to the laboratory for use. The duration of the trip 
from the sampling site to the laboratory never ex- 
ceeded 114 hr. A portion of water from each collection 
was tested promptly after arrival at the laboratory to 
determine pH, salinity, total bacterial count on sea 
water nutrient agar as well as on nutrient agar pre- 
pared with distilled water, and the numbers of coliform 
bacteria, using Tergitol 7 agar. pH was determined 
electrometrically with a Beckman model G* pH meter. 
Salinity was determined by titration with AgNO; 
according to the method of Harvey (1955) and bac- 
terial counts were made by inoculating the surface 
of agar plates with 0.1 ml of the water sample or dilu- 
tions thereof. For total numbers of bacteria the plates 
were incubated 10 to 14 days at 28 C and counted. 
Coliforms were counted after 48 hr incubation at 
37 C,. 

Samples of sea water collected periodically for 2 
years (June 1956 to June 1958) had a relatively con- 
stant reaction (pH 7.8 to 8.0) but the salinity fluc- 
tuated (2.7 to 3.2 per cent). Lower values were 
obtained when samples were collected after heavy rain- 
fall. The temperature of the water varied with season 
from a maximum of 22 C in August 1957 to a minimum 
of 3 C in January of the same year. In general, marine 
bacteria (those developing in sea water nutrient agar) 
were present in higher numbers than organisms that 


4 Beckman Instruments, Inc., Fullerton, California. 
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developed on agar prepared with distilled water, and 
counts on Tergitol 7 agar showed A. aerogenes to 
be present consistently in greater numbers than £. 
coli. The total numbers of bacteria in the sea water 
never exceeded 10,000 per ml and averaged approxi- 
mately 1000 per ml. Cells of A. aerogenes were de- 
tected in every sample taken but their density aver. 
aged approximately 100 per ml. Escherichia coli was 
not present in half of the samples tested, and when it 
did occur counts averaged 50 per ml. 

Numerical expression of the survival of E. coli in sea 
water. When washed cells of E. coli were added to sea 
water and counts made daily, the survival curves ob- 
tained showed an initial lag phase of approximately 
24 hr, a period of linear decline or logarithmic death 
lasting 48 to 72 hr, and finally an equilibrium phase in 
which the curves became asymptotic. In essence the 
survival curve was the inverse of a normal growth 
curve. Since any one of several criteria can be used 
as an index of bacterial growth or survival (Rahn, 
1943), it was necessary to decide on a convenient unit 
which was a valid basis for evaluating the influence of 
various factors on the survival of FE. coli in sea water. 

Complete survival curves have been employed by 
some investigators. These were collected and sum- 
marized recently by Orlob (1956) who argued that 
they were essentially logarithmic and best described 
by rate constants. Other indexes of survival that have 
been used are the time required for 90 per cent. kill 
(Vaccaro et al., 1950), the per cent survival after a 
given time (ZoBell, 1936), and the reciprocal of the 
time in days for the bacterial population to decline to 
one-tenth of its original value (Ketchum et al., 1949). 

Since preliminary studies showed that the period 
of rapid death of cells of E£. coli in sea water collected 
at Long Branch, New Jersey, was preceded by a lag 
phase, the survival curves were only partially logarith- 
mic and could not be described adequately by rate 
constants. The index adopted for use in the present 
studies was the per cent survival of EF. coli after 48 hr 
of treatment. This terminal period was on the linear 
portion of the curves and provided a convenient meas- 
ure of the influence of various factors on the survival 
of cells of E. coli in sea water. Therefore, water sam- 
ples were inoculated with a suspension of cells of the 
test organism and plated immediately to determine the 
number added. The number of cells that survived 
treatment was determined by plating after periods of 
24 and 48 hr but only the 48-hr results are reported. 

Standardization of inoculum and conditions of storage. 
To standardize the procedure used to evaluate the in- 
fluence of various factors on the survival of EF. coli 
in sea water, the effects of the kind of culture, size 
and age of the inoculum, and the influence of storage 
temperature were determined. 
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Since it was suggested (Nusbaum and Garver, 1955; 
Orlob, 1956) that pure cultures are not as sensitive as 
cells of HE. coli in sewage to the adverse effects of sea 
water, tests were made with sewage and pure culture 
inocula. ‘or this purpose, the bacteria in 100-ml quan- 
tities of freshly collected domestic sewage were con- 
centrated by centrifugation, washed, and added to 100- 
ml quantities of sea water. A suspension of washed 
cells of a pure culture of E. colt was treated similarly. 
Survival of the cells of both test cultures was deter- 
mined by daily platings of appropriate dilutions of 
the water samples on Tergitol 7 agar for 5 days. Cells 
of the pure culture were more sensitive to sea water; 
they died more rapidly than the cells collected from 
sewage. The per cent survival after 48 hr was 7.7 and 
53.0, respectively. Therefore, a suspension of washed 
cells of a pure culture of EH. coli was employed routinely 
as inoculum in all subsequent studies. 

There was no significant difference in the survival 
of cells of 18- to 24-hr-old cultures of EF. coli added to 
sea water at cell concentrations of 10* to 10° per ml, 
and, within the limits tested (12 to 72 hr), the age of 
the culture did not affect the survival of F. coli added 
to sea water at a concentration of 10° cells per ml. In 
all subsequent experiments, 18- to 24-hr-old cultures 
of the test organism were used to prepare cell suspen- 
sions which were added to sea water at a level of ap- 
proximately 10° cells per ml. 

The survival of 2. coli in sea water varied inversely 
with temperature, and the results listed in table 2 
confirm previous reports that low temperatures favor 
survival of bacteria in sea water (Nusbaum and Gar- 
ver, 1955; Orlob, 1956). For the purposes of the present 
investigation, a storage temperature of 28 C was 
employed so that marked effects were observed within 
the 48-hr period of study. 

As a result of the foregoing studies, the following 
procedure was adopted to evaluate the influence of 
various physical, chemical, and biological factors on 
the survival of cells of EF. coli in sea water. Inocula 
were prepared by suspending 18- to 24-hr-old nutrient- 
lactose slant cultures of EH. coli in sterile tap water. 
The cells were collected by centrifugation and washed 
3 times. The final cell suspension was adjusted with 
sterile water to an optical density equal to a cell con- 


TABLE 2 


Influence of storage temperature on the survival of 
Escherichia coli in sea water 





Storage Temperature Survival after 48 Hr 





. % 

5 41.4 
20 | 11.3 
30 28 
40 | <0.01 
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centration of 10° per ml. One ml of this suspension 
was added to 100 m! of freshly collected sea water in a 
sterile 250-ml Erlenmeyer flask, yielding a final con- 
centration of approximately 10° cells of EF. coli per 
ml. The water was swirled manually to insure uniform 
distribution of the inoculum. An aliquot was then taken 
and appropriate dilutions plated to determine the 
initial number of cells. The flasks were incubated at 
28 C without agitation and plated periodically. In 
the plating procedure approximately 10 ml of Tergitol 
7 agar were poured into each plate and allowed to 
solidify. The surface of the agar of a series of plates 
was inoculated with 0.1 ml of various dilutions of the 
sample being tested and the inoculum was distributed 
over the agar surface by tilting and rotating the plates. 

Evaluation of experimental procedures. The suitability 
of this procedure for the quantitative determination of 
viable cells of EH. coli in bay water and sea water was 
determined. The characteristics of the water at the 
time of collection (July 1956) and use are shown in 
table 3. Separate flasks containing sterilized tap water, 
bay, and sea water were inoculated equally and simul- 
taneously, and determinations were made of the num- 
ber of cells added. The results listed in table 4 were 
obtained by plating approximately 1 min after inocu- 
lation and show that almost identical numbers of cells 


TABLE 3 


Characteristics of water from two sampling sites 














Characteristic Bay Water Sea Water 

Temperature (C)............... § career 24.5 | 20.0 
Se Ry ee ee ee ee 2.0 | 2.9 
Retr eds aa pelea ree Xa Paras es 7.5 7.9 
Total number of bacteria per ml: 

Nutrient agar... ..<.......... 17,000 | 2,000 

Bea WALGr AGRE... ... 0s esc ca ...| 22,000 7,000 
Coliform bacteria per ml Tergitol 7 agar: 

TE SARBUSENMI AINE 0050053 sc end ok oA 40 10 

Aerobacter aerogenes. . Sanat sae 200 130 
MPN per ml (lactose broth)*. meer 54 6 





* Five replicate tubes at eac hs “a 3 dilutions. 





ABLE 4 
Recovery of Escherichia coli from bay water and sea water* 





Cells of E. coli per Ml X 1075 


Procedure Bay water Sea water 
Seo = : = 
Re- Re- Re- | Re- 
Added egonael covery Added lcovered | cov ay 
_ ap er rape a; een atin: a oy 
oO a 
Plating on Tergitol 
MOM kc nad ue 16.6 | 16.4 98.8 | 19.4 | 19.2 | 99.0 
MPN using lactose | 
WRG sooo Keieare 23.0 | 31.0 | 134.8 | 13.0] 7.0 | 53.8 





* Tests made approximately 1 min after inoculation. 
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were detected in the bay water and sea water. Table 4 
also lists results obtained when gas production in lac- 
tose broth was used to determine the most probable 
number of E. coli but the plating procedure gave more 
reliable results. 

The precision and reliability of the procedures out- 
lined for the quantitative recovery of EF. coli from sea 


TABLE 5 


Survival of Escherichia coli in sea water 


E. coli (No. per Ml X 1074) 








Time (days) Replicate 
1 2 3 
0 1 145 166 151 
2 149 143 169 
3 167 198 126 
4 150 126 132 
5 148 142 141 
6 167 130 156 
Mean 154 151 146 
1 1 68 69 65 
2 66 73 53 
3 71 96 58 
4 79 87 76 
5 81 71 67 
6 72 70 49 
Mean 73 78 61 
2 1 21.6 14.3 19.7 
2 23.2 12.8 17.9 
3 24.8 14.5 15.5 
4 23.2 13.6 13.3 
5 18.0 13.4 14.2 
6 18.3 13.3 13.2 
Mean 21.5 13.7 15.6 
3 1 1.01 0.92 1.93 
2 1.01 0.70 1.64 
3 0.83 0.39 2.01 
4 0.51 0.67 1.17 
5 0.45 0.93 1.58 
6 1.01 0.82 1.65 
Mean 0.80 0.73 1.67 
TABLE 6 
Analysis of variance for data in table 5 
Variation Due to she nese at Mean Square F 
Plate counts... 245 ,980.6 11 22,361.90 | 194.7 
eee 516.2 2 258.12 2.247 
ee .| 244,817.4 3 81,605.81 | 710.4 
Interaction bared 646.9 6 107.80 0.938 
| ae 6,892.4 60 114.87 — 
OS ee 252 ,873.6 71 — — 


A. F. CARLUCCI AND D. PRAMER 


[voL. 8 


water were determined. For this purpose each of three 
100-ml portions of the same freshly collected sample of 
sea water was inoculated to contain 10° cells of £. 
coli per ml. Survival of the test organism was deter- 
mined daily for a period of 5 days. All counts were 
replicated 6 times and the experimental design per- 
mitted analyses whereby the precision of the procedure 
could be evaluated quantitatively. The statistical 
equations and tests used were described by Stearman 
(1955). Since the numbers of survivors determined 
on the fourth and fifth days of incubation were too 
low for consideration, they were omitted from the 
results summarized in tables 5 and 6. 

The mean coefficient of variation, calculated from 
the counts obtained on each of the six replicate plates 
made at each test period on each of the three samples, 
was found to be +15.2 per cent. This is a measure of 
the amount of variation in terms of per cent of the 
mean and served as an index of precision of the proce- 
dure. An analysis of variance (table 6) of all of the 
data showed no statistically significant difference 
between the results obtained from the three separate 
portions of the same water sample. Therefore, when 
significant differences were observed in portions of 
the same water sample subject to various treatments 
it was concluded with confidence that the differences 
were due to treatment and not to variation inherent in 
the test procedure. A comparison of results obtained 
from separate experiments using different samples of 
sea water was not valid. A pooled standard error cal- 
culated from the error mean square obtained in the 
analysis of variance was equal to +4.4, indicating that 
if the means of replicate counts differed by more than 
+11 (2.5 X standard error) the difference was sig- 
nificant. The procedures as developed and tested al- 
lowed a more precise examination of the problem than 
has been made previously, since to obtain information 
of comparable precision using gas production in lactose 
broth, it would be necessary to inoculate 50 to 100 
tubes at each of three dilutions (Halvorson and Ziegler, 
1933). 


SUMMARY 


A plating procedure that permitted the quantitative 
recovery of cells of Escherichia coli added to sea water 
was developed, standardized, and examined statisti- 
cally. The procedure is simple, precise, and suitable 
for use in an evaluation of the influence of physical, 
chemical, and biological factors on the survival of E. 
coli in natural sea water. 
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The number of bacteria present in a sample of sea 
water represents a balance of the multiplicity of inter- 
related forces which influence growth and reproduction 
and which control survival and cause death. The 
literature suggests many explanations for the low 
numbers of bacteria in sea water (ZoBell, 1946), but in 
recent years the importance of biological factors has 
been emphasized (Carlucci and Pramer, 1959). Our 
present understanding of the interrelationships of 
microorganisms in marine environments is inadequate 
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of Agricultural Microbiology, New Brunswick, New Jersey. 
This investigation was supported in part by research grant 
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(Wood, 1958) and must be extended to clarify the 
role of predators, bacteriophages, and antibiotics in 
the rapid death of bacteria that enter the oceans. 
Likewise, an evaluation is required of the many physico- 
chemical factors in an environment as complex as the 
sea that are known to influence the activities of micro- 
organisms and may be of importance in maintaining 
the bacterial population at a reduced level. 

This report describes some effects of salinity, pH, 
and selected inorganic and organic nutrients on the 
survival of Escherichia coli in sea water. The materials 
and methods employed in this study have been de- 
scribed elsewhere (Carlucci and Pramer, 1960a). 


RESULTS AND DISCUSSION 


Salinity. The salinity of surface water is approxi- 
mately 3.5 per cent (Harvey, 1955) and on the basis of 
concentration, inorganic salts are the most potentially 
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toxic substances in the sea. They may adversely in- 
fluence the survival of bacteria by a general osmotic 
effect or by specific ion toxicity. 

Freshly collected sea water was diluted with deio- 
nized water (Amberlite MB-1,’ conductance of 0.27 
umhos per cm) to levels of 0, 25, 50, 75, and 100 per 
cent. Separate portions of each of the waters were 
used to determine the influence of concentration of 
sea water on the survival and respiration of EF. coli. 
Survival of the test organism was measured by the 
plating procedure developed for that purpose and de- 
scribed elsewhere (Carlucci and Pramer, 1960a). 
Respiration was measured in a Warburg apparatus 
using conventional manometric techniques (Umbreit 
et al., 1957). Each Warburg vessel contained 0.033 
M glucose as substrate and 2.7 X 10° cells of EF. coll. 
Oxygen uptake was determined for a period of 60 min. 
The results summarized in table 1 show that cells of 
E. coli died off more rapidly in the absence of salts than 
in 25 per cent sea water but survival of the test or- 
ganism decreased as the concentration of sea water 
was increased beyond 25 per cent. Respiration of LE. 
coli varied inversely with sea water concentration, as 
reported previously (Merkel e¢ al., 1957). 

The results of tests of the survival of EZ. colt in dif- 
ferent concentrations of sea water and in solutions of 
NaCl of equal salinity are reported in table 2. For the 
purpose of this experiment, sea water was concen- 
trated by evaporation under reduced pressure at room 
temperature to approximately one-half volume and 
then diluted to the desired salinities with deionized 


3 Rohm and Haas Company, Philadelphia, Pennsylvania. 


TABLE 1 
Influence of concentration of sea water on the survival 
and respiration of Escherichia coli 


Concentration of Survival after 48 Hr Oz Uptake in 60 Min 


Sea Water 
% % ul 
0 59.9 201.3 
25 74.5 190.4 
50 34.6 168.5 
75 22.5 14€.0 
100 8.2 124.0 


TABLE 2 
Survival of Escherichia coli in sea water and NaCl 
solutions of equal salinity 





Solution Salinity Survival after 48 Hr 

ae = ii qq % 
Sea water 0.85 40.4 

2.50 7.6 

5.00 <0.01 
NaCl 0.85 41.3 

2.50 » Be 

5.00 <0.01 
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water. NaCl solutions of equal salinities were prepared 
with deionized water. Increasing concentrations of 
salt decreased survival of FE. coli but there was no 
significant difference between the effects of equal 
levels of sea salts and NaCl. These results are in accord 
with those reported by Winslow and Falk (1923), 
Burke and Baird (1931), and ZoBell (1936) but dis- 
agree with the statement of Nusbaum and Garver 
(1955), that “the normal saline constituents of sea 
water are not antagonistic to enteric organisms.” 
Salinity contributes significantly to the rapid death of 
cells of E. coli in sea water. The effect appears to be 
osmotic but the test procedures did not rule out the 
possible involvement of specific ion toxicity. 

pH. Sea water contains cations in excess of the equiv- 
alent anions derived from strong acids. This titratable 
alkalinity is equivalent to that of the bicarbonate, 
carbonate, and borate ions in the water. The contribu- 
tion of other weak acids is insignificant. The range of 
reaction of sea water is pH 7.5 to 8.5 and is influenced 
by temperature, pressure, and the photosynthetic and 
repiratory activities of microorganisms (Harvey, 1955). 

A solution of NaCl was prepared to have the same 
salinity (3.0 per cent) as a freshly collected sample of 
sea water and the reaction of separate portions of each 
water was adjusted with NaOH and HCI to pH 5.0, 
6.0, 7.0, 8.0, and 9.0. A satisfactory electrometric 
measurement of the pH of sea water was obtained 
only when the electrodes were immersed in the water 
and allowed to equilibrate for 3 to 5 min. Equilibrium 
was facilitated by use of a magnetic stirrer as recom- 
mended for determining the pH of concentrated salt 
and buffer solutions (Perley, 1949). The influence of 
pH on the survival of cells of E. coli added to the water 
samples is shown in table 3. Death was more rapid 
at alkaline than at acid reactions but survival was 
consistently greater in sea water than in NaCl solu- 
tions of equal salinity and pH. A similar protective 
action of the balance of salts in sea water was described 
by Spencer (1957). It was apparent that the reaction 
of natural sea water (approximately pH 8.0) did not 
favor survival of the test organism and that. salinity 
and pH contribute greatly to the rapid death of cells 


TABLE 3 
Influence of pH on the survival of Escherichia coli in 
sea water and in a solution of NaCl of equal 
salinity 


Survival after 48 Hr 





pH a — _ 
NaCl Sea water 

5.0 38.9 | 58.3 

6.0 4.8 19.4 

7.0 <0.01 | 2.5 

8.0 <0.01 0.4 

9.0 <0.01 
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of E. coli that enter the oceans by way of land drainage 
and sewage outfalls. 

Inorganic nutrients. Since deficiencies of nitrogen 
and phosphorus are known to limit the decomposition 
of organic matter and development of bacteria in sea 
water (ZoBell, 1946; Harvey, 1955), the influence of 
concentration of (NH4)2SO, and (NH4)2HPO, on the 
survival of cells of H. coli in sea water was determined. 
Each of the salts was added to separate portions of 
sea watei at leveis of 1, 10, and 100 ppm. The results 
listed in table 4 show that survival of the test organism 
was increased by the addition of both (NH,).SO, 
and (NH4)2HPO, to sea water and the effect was more 
favorable as the concentration of salt was increased. 
Nitrogen appeared to be of greater importance than 
phosphorus since the influence of (NH4)2HPO, was 
not markedly different from that of (NH4)sSO,. The 
maximal amounts of nitrogen and phosphorus in nat- 
ural sea water are 0.7 and 0.1 ppm, respectively (Sver- 
drup et al., 1942). These quantities were exceeded 
greatly in this experiment, and the beneficial effects 
observed indicate that low levels of nitrogen and pos- 
sibly phosphorus are responsible to some extent for 
limiting survival of the test organism, and ultimately 
contribute to the death of bacteria in sea water. No 
toxic effects to H. coli were observed after adding 
(NH,4)2SO, to sea water to levels as high as 500 ppm. 

Organic nutrients. The average content of dissolved 
organic matter in sea water of the North Atlantic was 
estimated to be 5 to 6 ppm (Harvey, 1955) but a con- 
siderable amount of this material is resistant to micro- 
bial attack. Keys et al. (1935) estimated that only 10 to 
15 per cent of the organic content of sea water was 
utilized by bacteria during storage, but Waksman and 
Carey (1935) and Waksman and Renn (1936) found 
that 50 per cent of the total organic matter was readily 
decomposed, and they established that organic matter 
was a factor limiting development of bacteria in sea 
water. The influence of organic matter on survival of 
E. coli in sea water was studied using peptone, glucose, 
and sewage. Each organic substance was tested at 
levels of 1, 10, and 100 ppm. Fresh domestic sewage, 
having a volatile solids content of 134 ppm after 
passage through a Millipore filter to remove all par- 

' 


TABLE 4 


Influence of inorganic nutrients on the survival of 
Escherichia coli in sea water 





Inorganic Supplement Survival after 48 Hr 








% 
None re a a ee 2:2 
DK (TEN a NE ie v5.0: s cores oropatsrers ive arcs 4.8 
MEN TI eg. ook eae ia ethers 12.6 
eID {OPEL gM as secs ce nce ee kaerwrnes 31.3 
Ig UAE © fs 6 rr rer 6.4 
PP ODM (ER IP OG. 5. gk aeee cca sons 9.9 


Roser 0.) Eo 0S 0 i 32.4 
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ticulate material including microorganisms, was con- 
centrated to 3 per cent of its initial volume by evapora- 
tion under reduced pressure. At no time during the 
concentration did the temperature exceed 50 C. The 
concentrate was added to portions of sea water in 
appropriate amounts as a source of sewage organic 
matter. Stock solutions of peptone and glucose were 
similarly filter sterilized and added to sea water, but 
water to which glucose was added was also supple- 
mented with (NH4)2HPO,. The influence of the organic 
materials on survival of F. coli as well as on the total 
number of bacteria that developed in sea water was 
determined by plating on Tergitol 7 agar and sea 
water nutrient agar, respectively. The results are 
listed in table 5. 

Glucose had no significant influence on the survival 
of FE. colt in sea water, but at levels of 10 and 100 ppm 
permitted development of the indigenous microflora. 
Peptone and sewage favored survival of the test or- 
ganism and, at a peptone concentration of 100 ppm, 
E. coli multiplied. In each case the organic matter 
influenced the native population to a greater extent 
than the test organism, and it appeared that in sea 
water FE. coli had difficulty competing successfully 
with the natural microflora. Vaccaro et al. (1950) 
showed that 50 ppm of peptone increased the survival 
of E. coli in sea water, and Orlob (1956) reported that 
the lag period, preceding death of coliform bacteria 
in sea water, was prolonged by the addition of lactose 
broth. These as well as the present results are in agree- 
ment with ZoBell’s (1946) estimate that approxi- 
mately 10 to 100 ppm of available organic matter are 
required for active growth and multiplication of hetero- 
trophic bacteria in the sea. 

\vidence that the inability of /. coli to utilize or- 
ganic nutrient to a greater extent in sea water was due 
in part to competition by the indigenous microflora 
was obtained by supplementing filter sterilized tap 


TABLE 5 
Influence of organic matter on Escherichia coli and 
the indigenous bacterial population of sea water 


| 
Survival of | Total Count per 











Supplement E. coli after | Ml X 10-5 after 
48 Hr | 48 Hr 
TNO ee are re te he ais es 0.3 0.3 
I ppm @lueene’...-. io. oe 0.4 0.3 
TO pe ICONe 6 oo oe es 2 0.3 1.4 
100 pom elucose:. ..... 2... << -..55<. 0.1 100.0 
IGN ict ten eles sland Miata 7.2 | 0.3 
1 ppMEpPEPtONe=.6:05 24 oosnse. 9.2 | 1.0 
1D pM MeNGONO: «2. ..o. 60s sss cee 8 25.4 20.0 
100-ppm peptone: ... ....... 6.50656. —* 970.0 
GMOS he ons AAS LB 10.6 2.4 
1 ppm sewage volatile solids. ... 10.9 2.4 
10 ppm sewage volatile solids. ... 12.1 11.0 
100 ppm sewage volatile solids.... 48.4 130.0 





* E. coli multiplied to 37 times the initial level. 
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and sea water with sewage volatile solids at levels of 
1, 10, and 100 ppm. The results listed in table 6 show 
that in the absence of competitors the test organism 
utilized and developed readily on sewage. Growth was 
greater in tap water than in sea water containing equal 
amounts of sewage, indicating that the ability of Z. 
coli to utilize organic matter in sea water was limited 
by the pH and salinity as well as by competition from 
the indigenous micropopulation. 

A recent report by Johannesson (1957) showed that 
extremely low levels of cysteine greatly increased 
survival of E. coli in sea water. Furthermore, it was 
suggested that iodate in sea water is responsible for 
the rapid death of bacteria and that cysteine exerts a 
protective influence as a result of its reactivity with 
halates. Johannesson’s paper was a preliminary report 
and the conclusions were supported with limited data. 
However, the implications were of sufficient interest 
and importance to warrant further study. The addition 
of 0.1 ppm of cysteine hydrochloride to sea water in- 
creased the survival of H. coli after 48 hr from 15 to 
36 per cent, confirming the report of Johannesson. 
The mode of action of cysteine will be considered in 
detail in a subsequent paper of this series. 


SUMMARY 


Death of cells of Escherichia coli was more rapid in 
deionized water than in 25 per cent sea water, but 
survival of the test organism was decreased in de- 
ionized water containing sea water at concentrations 
greater than 25 per cent. Sea water had a similar effect 
on cell respiration. Survival of EZ. coli was comparable 
in sea water and NaCl solutions of equal salinity and 
varied inversely with salt concentration. An acid reac- 
tion of pH 5.0 was more favorable for survival of £. 
coli in both sea water and NaCl solutions having a 
salinity of 3.0 per cent than more alkaline reactions, 
but survival was greater in sea water than in NaCl 
solutions of the same reaction. The reaction and salin- 
ity of natural sea water do not favor survival of the 
test organism and will contribute significantly to the 
rapid death of cells of HZ. coli that enter the oceans by 
way of land drainage and sewage outfalls. 

High levels of some inorganic nutrients ((NH,4)SO,4 


TABLE 6 
Ability of Escherichia coli to utilize sewage for growth 
in filter sterilized sea and tap waters 


E. coli (No. per Ml X 10-5 after 24 Hr) 
Concentration of Sewage 
Volatile Solids ~ = 
Sea water Tap water 


ppm — 


0 3.2 1.8 

1 4.4 1.6 

10 19.0 90.0 
113.0 


100 70.0 
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and (NH,)2:HPO,) fostered survival of E. coli. When 

sea water was supplemented with organic matter (glu- 

cose, peptone, sewage volatile solids, and cysteine) 
death of EF. coli was reduced and in some cases the test 
organism as well as the indigenous marine microflora 
multiplied. Studies showed that F. coli was not able to 
compete effectively for available organic matter in sea 
water. 
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It has been repeatedly suggested that sea water 
contains heat labile toxic substances (ZoBell, 1936; 
Krassilnikov, 1938; Ketchum et al., 1949, 1952; Nus- 
baum and Garver, 1955; Orlob, 1956). Although the 
source and identity of these substances remain ob- 
scure, they are believed to be of microbial origin and 
have been described as antibiotics (Rosenfeld and Zo- 
Bell, 1947; Vaccaro et al., 1950; Richou et al., 1955; 
Greenberg, 1956). Therefore, the production, stability, 
and some biological effects of antibiotics in sea water 
were investigated. 


MATERIALS AND METHODS 


The antibiotics employed were chloramphenicol,® 
chlortetracycline sulfate,® 
oxytetracycline hydrochloride,® potassium penicillin 
G,’ polymyxin sulfate,> and streptomycin sulfate.’ 

The replica plate method (Lechevalier and Corke, 
1953) was used to provide information regarding the 
of antibiotic-producing bacteria in sez 
water. The surfaces of plates containing nutrient agar 
prepared with sea water were inoculated with 0.1 ml 
of a freshly collected water sample, and the plates were 
incubated 7 days at 28 C before replication. Plates 
which contained approximately 50 discreet colonies 
were replicated, incubated 5 days, and then flooded 
with a suspension of Escherichia coli or Bacillus subtilis. 
After storage at 28 C for 24 hr, the plates were ex- 
amined for evidence of antibiotic production. 

Procedures used to determine the influence of anti- 


hydrochloride,* neomycin 
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biotics on the survival of cells of FE. coli in sea water 
were described previously (Carlucci and Pramer, 1960). 
The following methods were employed to measure the 
biological effects of antibiotics in sea water. 

Growth of E. coli in sea water. A quantity of sea water 
was supplemented with 0.5 per cent Bacto-peptone?® 
and freed of microorganisms by filtration (Millipore). 
To each of a series of sterilized Bellco nephlo-flasks,! 
water was added aseptically and solutions of the anti- 
biotics that were filter sterilized were added at appro- 
priate levels to the flasks. All flasks were inoculated 
equally with a suspension of cells of 2. coli and incu- 
bated at 28 C on a rotary shaker. Growth was measured 
turbidimetrically using a Klett-Summerson colorime- 
ter! with filter no. 6. 

Growth of the native micropopulation of sea water. 
To each of a series of sterilized Belleo nephlo-flasks, 
50 ml of sea water were added and each flask was 
supplemented with 0.5 per cent Bacto-peptone that 
was sterilized separately. The antibiotics were added, 
and the flasks incubated and tested as described in the 
preceding experiment with L£. coli. 

Growth of the bacterial population of sea water on agar 
medium. Sea water was plated on the surface of sea 
water nutrient agar prepared to contain the antibiotics 
at various concentrations. Colony counts were made 
after 7 days of incubation at 20 C. 

Effect on ammonification. The procedure used was 
identical to that employed to determine the effect of 
antibiotics on growth of the native micropopulation of 
sea water. The production of ammonium from peptone 
was determined using Nessler’s reagent and a Klett- 
Summerson colorimeter with filter no. 42. 

Effect on nitrification. A nitrifying enrichment cul- 
ture was obtained by adding 0.1 per cent (NH,)SO, 
to samples of sea water and incubating at 28 C ona 
rotary shaker. When nitrite was produced, transfers 
were made to fresh water samples containing (NH,)2- 
SO,. By repetition of this procedure an enrichment 
culture capable of oxidizing ammonium to nitrite but 
not nitrite to nitrate was obtained. Samples of sea 

% Belleo Glass Company, Vineland, New Jersey. 

1 Klett Manufacturing Company, New York City, New 
York. 
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water containing (NH,).SO, and different levels of the 
antibiotics were inoculated equally with the nitrifying 
culture and the amount of nitrite produced after 6 
days was determined quantitatively, using Griess’ 
reagents and a Coleman Junior spectrophotometer” 
at 540 mu. 

Effect on oxidation of thiosulfate. A culture of Thio- 
bacillus thioparus was added to sea water supplemented 
with 1.0 per cent NaS.O3;-5H.2O. When pH indicated 
that the culture had developed, transfers were made to 
flasks containing fresh sea water supplemented with 
Na2S.O; and the antibiotics. The reaction of the solu- 
tion was pH 8.0 and the extent to which thiosulfate 
oxidation by T. thioparus was influenced by anti- 
biotics was determined by measuring pH electro- 
metrically after 6 days of incubation at 28 C on a rotary 
shaker. 


RESULTS AND DISCUSSION 


Production of antibiotics by marine bacteria. A total 
of 200 bacterial colonies that developed on sea water 
nutrient agar was examined by the replica plate proce- 
dure but in no case was evidence obtained for produc- 
tion of an antibiotic active against either EF. coli or 
B. subtilis. Although these results indicate that anti- 
biotic-producing marine bacteria did not occur com- 
monly, their presence in sea water has been demon- 
strated by other investigators. Rosenfeld and ZoBell 
(1947) tested 58 species of marine microorganisms for 
antibiotic production and found nine that were an- 
tagonistic to 


various nonmarine forms when 


culti- 


12 Coleman Instruments, Inc., Maywood, Illinois. 
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vated on agar media. However, little or no antibiotic 
was produced by these same organisms when grown 
in nutrient broth prepared with sea water. Antibiotic. 
producing actinomycetes were isolated from marine 
sediments but it was doubtful that the organisms were 
indigenous to the sea (Grein and Meyers, 1958), 
Stability of antibiotics in sea water. The persistence 
of six antibiotics in untreated and filter sterilized (Mil- 
lipore) sea water was determined. The antibiotics 
used were chloramphenicol, chlortetracycline, neo- 
mycin, oxytetracycline, penicillin, and streptomycin. 
Each compound was added to provide a concentration 
of 200 ppm in separate 500-ml quantities of untreated 
and sterilized sea water in 2-L Erlenmeyer flasks, and 
the flasks were stored at 28 C for 30 days. Samples 
were withdrawn periodically and their antibiotic con- 
tent determined by a streak-dilution assay (Waksman 
and Reilly, 1945) using LZ. coli and B. subtilis as test 
organisms. No loss of chloramphenicol, oxytetracycline, 
TABLE 1 
Influence of antibiotics on the survival of cells of 
Escherichia coli in sea water 


Antibiotic* Survival after 48 Hr 


oO 
€ 


None 


yen le ee eee Pee ee ee 16.2 
Chloramphenicol... ...............5.. <0.01 
PNR PM ee Nee 27th OR Se ha cod 16.5 
Oe Th 13.1 
RUNNY ie ou eS <0.01 
Se NS EE EE ee eT are <0.01 


* Added at a concentration of 200 ppm to sea water. 


TABLE 2 





Some biological effects of antibiotics in sea water 





Growth in Sea Water Plus 0.5 


Per Cent Peptone 








Antibiotic NG en Water hog | farerelication | Biteaton, | S00 Osittn 
4. colt otal population 
(% of control) (% of control) 

None 100 100 100 100 100 5.0 
Chlortetracycline 1 104.8 83.7 32.3 84.0 91.3 | 4.8 
10 83.5 73.1 1.6 73.1 82.6 | 5.3 

100 26.1 11.9 0 23.1 4.4 | 8.0 

Chloramphenicol 1 87.8 98.0 16.4 90.9 95.4 | 5.9 
10 1.1 87.8 8.2 77.3 | 87.9 | 8.2 

100 0.5 8.8 1.4 15.9 | Ba. 8.0 

Neomycin l 96.3 89.1 109.6 67.1 | 69.6 | 5.0 
10 72.3 93.9 12.3 62.5 0.5 | 7.9 

100 0 85.0 16.4 61.4 48 | 8.1 

Oxytetracycline 1 97.9 93.9 23.3 59.1 95.7 | 5.2 
10 92.6 87.8 4.1 78.4 91.3 | 4.8 

100 20.7 81.0 1.4 67.1 | 5.6 | 8.0 

Penicillin 1 42.5 111.6 35.6 80.7 | 21.7 | 5.5 
10 4.8 80.0 12.3 64.8 | 16.2 | 8.1 

100 0 62.9 1.4 42.1 16.2 | 8.1 

Streptomycin 1 96.3 89.1 39.7 72.7 13.0 7.5 
10 83.5 93.2 20.6 75.0 4.8 | 8.1 

102.7 5.5 51.1 5.3 8.1 


100 1.6 
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neomycin, or streptomycin activity was observed, 
although all but neomycin have been demonstrated to 
be unstable and susceptible to microbiological deg- 
radation in soil (Pramer, 1958). Chlortetracycline and 
penicillin were rapidly inactivated in sea water. The 
former was less stable (90 per cent loss in 3.4 days) 
than the latter (90 per cent loss in 9 days). No signifi- 
cant differences were noted between the persistence of 
the antibiotics in untreated and sterilized water, indi- 
cating that the inactivation of chlortetracycline and 
penicillin resulted primarily from chemical rather than 
biological factors. 

Biological effects of antibiotics in sea water. The in- 
fluence of 200 ppm of each of five antibiotics on the 
survival of cells of #. coli in sea water is shown in table 
1. Neomycin and oxytetracycline had little or no effect 
but viability of the test organism was decreased 
greatly by chloramphenicol, polymyxin, and strepto- 
mycin. When these same antibiotics were added to sea 
water at a level of 50 ppm, no significant effects on 
survival of EF. coli were observed. 

The results of studies of the biological effects of 1, 
10, and 100 ppm of chloramphenicol, chlortetracycline, 
neomycin, oxytetracycline, penicillin, and streptomy- 
cin on microorganisms in sea water are summarized in 
table 2. In general, the antibiotics reduced the number 
of colonies that developed on sea water agar to a greater 
extent than growth of FH. colt or the native micropopu- 
lation in sea water broth. Escherichia coli was more 
sensitive to increased levels of chloramphenicol, 
neomycin, oxytetracycline, and penicillin, than was 
the indigenous marine microflora. Chloramphenicol 
and penicillin had the greatest effect on the develop- 
ment of E. coli in sea water and growing cells were 
more sensitive to antibiotics than resting cells (table 
1). Although the antibiotics influenced ammonifica- 
tion, the effects were not great. It appeared that rela- 
tively high concentrations of antibiotics were required 
to cause marked inhibition of growth and ammonifica- 
tion by microorganisms in the sea. Nitrification and 
thiosulfate oxidation were more sensitive to anti- 
bioties than was ammonification. The nitrifying bac- 
teria and sulfur-oxidizing bacteria tolerated relatively 
high concentrations of chlortetracycline and oxytetra- 
cycline. Their sensitivity to streptomycin was re- 
ported previously (Starkey and Pramer, 1953). The 
only previous work describing the influence of anti- 
biotics on marine microorganisms is that of Cviic 
(1953). He studied 41 bacteria isolated from sea water 
and found that 70 per cent were sensitive to penicillin 
and 75 per cent were sensitive to streptomycin. The 
growth of 97 per cent of the species tested was in- 
hibited by a combination of penicillin and streptomy- 
cin. 


SUMMARY 
The production of antibiotics active against Es- 
cherichia coli or Bacillus subtilis was not demonstrated 


in tests of 200 marine bacteria. Chlortetracycline and 
penicillin were rapidly inactivated in both sterilized 
and untreated sea water, whereas no loss of chloram- 
phenicol, neomycin, oxytetracycline, or streptomycin 
was observed in samples of water that contained the 
antibiotics at a concentration of 200 ppm and were 
incubated at 28 C for 30 days. The biological effects 
of antibiotics in sea water varied with the nature and 
concentration of the antibiotic tested as well as with 
the process investigated. In general, antibiotics re- 
duced the numbers of colonies developing on sea water 
agar and the growth in sea water broth of E. coli 
and the indigenous bacterial flora. Nitrification and 
thiosulfate oxidation were more sensitive to anti- 
biotics than was ammonification. Some antibiotics 
added to sea water persisted for long enough periods 
to exert a biological effect. Nevertheless, there is no 
evidence that antibiotics are produced under natural 
conditions by marine microorganisms and contribute 
to the death of cells of FE. coli that enter the sea. 
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d’Hérelle (1926) suggested that bacteriophages 
contribute to the self-purification process in natural 
waters, but ZoBell (1946) reported that they occurred 
sporadically and only in the littoral zone and concluded 
that there was insufficient evidence for bacteriophages 
to be considered of importance in limiting the bacterial 
population of the open ocean. Nevertheless, it was 
repeatedly stated in the literature (Carlucci and Pra- 
mer, 1959) that bacteriophages contribute to the rapid 
death and paucity of bacteria in sea water. Recent 
studies (Kriss and Rukina, 1947; Spencer, 1955) have 
shown that bacteriophages are not limited to the lit- 
toral zone but occur at points distant from land and 
at depths as great as 2000 meters. The bacteriophage 
isolated (1955) and studied (1957) by Spencer was 
active against several strains of the luminous marine 
bacterium Photobacterium phosphoreum. It caused lysis 
of host cells on sea water agar but not on tap water 
agar and appeared to be indigenous to the sea. 

The present report describes the occurrence, per- 
sistence, and activity of some bacteriophages in sea 
water. 


MATERIALS AND METHODS 


Various methods for the isolation of bacteriophages 
from sea water were tested, but the one that proved 
most successful was similar to that used in a study of the 
occurrence of bacteriophages in soil (Carlucci and Star- 


1 Paper of the journal series, New Jersey Agricultural Ex- 
periment Station, Rutgers, The State University, Department 
of Agricultural Microbiology, New Brunswick, New Jersey. 
This investigation was supported in part by research grant 
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Soc. Exptl. Biol. Med., 34, 113-116. ’ 
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key, 1956). Portions of freshly collected samples of 
sea water were added to flasks that contained nutrient 
broth, and separate flasks were inoculated with cells 
of Escherichia coli, Aerobacter aerogenes, and Serratia 
marinorubra. The flasks were incubated for 48 hr ona 
rotary shaker*® at 28 C after which their contents were 
filtered through Morton sintered glass dises of ultra- 
fine grade (Morton, 1944). This primary treatment 
caused multiplication of phages present in the sea 
water sample, enriched the preparation, and increased 
the probability of phage isolation. 

Each filtrate (1 ml) was added to a tube containing 
5 ml of nutrient broth. The tubes were inoculated with 
appropriate host cells and incubated on a rotary shaker 
at 28 C. The presence of phage was expressed by 
clearing of the culture medium. When lysis was ob- 
served the contents of the tube were filtered through 
sintered glass and an aliquot of the filtrate was tested 
for its ability to produce plaques. To obtain plaque 
formation, approximately 10 ml of nutrient agar was 
added to a Petri dish and permitted to solidify. A 
0.5-ml aliquot of the filtrate being tested was added 
to the surface of this agar layer and thoroughly mixed 
with an additional 10 ml of nutrient agar that were 
seeded with cells of the host bacterium and poured at 
approximately 45 C. When the second agar layer had 
solidified, the plates were incubated at 28 C for 24 hr 
and examined for plaques. Phage titers were measured 
by the same layering technique using aliquots of appro- 
priate dilutions of filtrates. Plaque counts were made 
after 24 hr incubation and the number of phage units 
present in the filtrate was calculated from the plaque 
count, the volume of filtrate plated, and the dilution 
used. Procedures employed to measure the survival of 


3 New Brunswick Scientific Instrument Company, New 
Brunswick, New Jersey. 
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1960] SURVIVAL OF E£. COLI 
E. coli in sea water were described previously (Car- 
luecci and Pramer, 1960a). 


RESULTS AND DISCUSSION 

Occurrence and persistence of bacteriophages in sea 
water. No difficulty was encountered in isolating phages 
active against 2. coli, A. aerogenes, and S. marinorubra 
from samples of sea water collected approximately 600 
feet offshore at Long Branch, New Jersey. Lysis of the 
marine bacterium by the phage took place in media 
prepared with sea water but no requirement for sea 
water was established. The phages active against A. 
aerogenes and FE. coli produced plaques having a 2- to 
3-mm diam whereas plaques formed by the phage active 
against S. marinorubra were approximately 1 mm in 
diam. 

Persistence of the coliphage was studied by adding 
5 X 10’ phage units to each of a series of flasks con- 
taining 100 ml of the following waters: (a) 0.85 per 
cent NaCl in deionized water; (b) untreated sea water; 
(c) Millipore filter-sterilized sea water; and (d) auto- 
claved sea water. The flasks were stored at 28 C with- 
out agitation and phage titers were measured by 
making plaque counts at the time of inoculation and 
periodically thereafter for a period of 30 days. 

The results listed in table 1 show that coliphages 
were most stable in autoclaved sea water and least 
stable in untreated sea water. Various investigators 
have shown sterilization to have a favorable effect on 


TABLE 1 


Persistence of coliphage in various waters 


Survival 
Water iiinpctnliin — 
10 days 20 days 30 days 
Untreated sea water............. 2.0; <0.01 | <0.01 
Filter sterilized sea water 56.0 | 37.0 6.4 
Autoclaved sea water 102.0 | 68.0 58.0 
0.05 


0.85% NaCl in deionized water. .... 1.2 0.4 


TABLE 2 
Effectiveness of coliphage in sea water 
’ Survival after 48 Hr 
Inoculum ——7 
Escherichia 


‘oliphag 
pon Coliphage 


Experiment 1 
cols, 1.2 >< 10* cells/ml vic .cc co ces 6.3 


Coliphage, 5 X 10° units/ml. . 38.0 

E. coli + coliphage 28.0 34.0 
Experiment 2 

E. coli, 1.2 X 10° cells/ml. . , 65.2 

Coliphage, 9.0 X 104 units/ml.... 55.6 

E. coli + coliphage 27.6 —* 


* Coliphage multiplied to 878 times the initial level. 


IN SEA WATER. IV 
the survival of bacteria in sea water but no satisfactory 
explanation for the effect is available at this time (Car- 
lucci and Pramer, 1959). More than 50 per cent of the 
coliphages added to autoclaved sea water survived for 
30 days whereas the activity of coliphages in nutrient 
broth was reported to be decreased 20 per cent by 
storage overnight and to reach equilibrium at about 2 
per cent of the original activity after 7 days (Ellis 
and Delbriick, 1939). : 
Effectiveness of bacteriophages in sea water. Separate 
portions of sea water were inoculated with cells of E. 
coli, coliphages, and both coliphages and cells of the 
host bacterium. The phage inoculum was a filtrate of 
nutrient broth in which £. coli had developed and then 
undergone lysis. It contained soluble organic matter 
as well as phages. Since previous studies (Carlucci 
and Pramer, 1960b) showed that the survival of E. 
coli was influenced by organic nutrients, two experi- 
ments were performed. In the first, the phage inoculum 
was prepared using dilute nutrient broth (0.05 per 
cent peptone and 0.03 per cent beef extract), and in 
the second, conventional nutrient broth (0.5 per cent 
peptone and 0.3 per cent beef extract) was employed. 
In the former case, the concentration of organic nu- 
trients in the water sample after addition of the phage 
inoculum did not exceed 8 ppm, whereas in the latter a 
maximum of 80 ppm was present. The lower concen- 
tration was not sufficient for extensive growth and 
multiplication of F. coli in sea water (Carlueci and 
Pramer, 1960b; ZoBell, 1946). The numbers of cells 
of E. coli and the phage titer present in the water sam- 
ples after 48 hr incubation at 28 C were determined 
by colony and plaque counts, respectively. The results 
listed in table 2 show that in the absence of a signifi- 
‘ant amount of available organic matter (experiment 1) 
no increase in numbers of coliphages was observed and 
survival of cells of E. coli was not affected adversely. 
In the presence of sufficient organic matter to support 
growth and multiplication of F. coli in sea water (ex- 
periment 


2) there was a marked increase in the phage 
titer and 


a decrease in cells of the host bacterium. 

Although bacteriophages were isolated from and 
demonstrated to persist in sea water, their contribution 
to the death of bacteria that enter the ocean will de- 
pend on the nutrient status of the water. In areas of 
pollution, the organic matter content of sea water may 
reach levels that support bacterial growth. As a con- 
sequence phage multiplication will occur and may be of 
significance in reducing bacterial counts. Sea water 
that is free of pollution contains little dissolved or- 
ganic matter and does not support extensive growth 
or rapid multiplication of bacteria. Under such con- 
ditions phages will have little or no effect on the sur- 
vival of bacteria. 





SUMMARY 


Bacteriophages active against Escherichia coli, 
Aerobacter aerogenes, and Serratia marinorubra were 
isolated from sea water without difficulty when en- 
richment procedures were employed. Coliphages were 
inactivated rapidly in natural sea water but persisted 
in filter and heat sterilized sea water. The effectiveness 
of coliphages was dependent on the presence in sea 
water of sufficient nutrients to support growth and 
multiplication of host cells. 
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In 1956 peaches held for ripening at the U. 8. Fruit 
and Vegetable Products Laboratory at Prosser, Wash- 
ington, showed abnormal softening in stem-end cavities 
at the time of canning. When the fruit was cut open 
the flesh in the pit and adjacent areas appeared light- 
brown to brown and was watersoaked and slimy. A 
yeasty or sour odor generally accompanied these 
symptoms. Affected flesh when planted on nutrient 
glucose agar yielded an organism having the charac- 
teristics of a yeast (figure 14). Pure cultures were ob- 
tained readily by serial dilutions on nutrient and yeast 
glucose agars. 

Reports from a number of canning plants in the 
Yakima district indicated that ripening fruit showing 
unusual stem-end softening, and other symptoms, as 
described above, had been observed in previous years. 
The term “sour pit”? had been used by processors as 
descriptive of the disorder. The same terminology will 
be used in this paper. 

It is well known that fungi, yeasts, and bacteria are 
common contaminants of cannery wastes and of de- 
‘aying fruits and vegetables. Since fruit flies are at- 
tracted by odors of fermentation and feed on such wast- 
age, the possibility was suggested that in the large 
Drosophila population present, some might be acting 


as vectors for the sour pit organism. To determine this, 
flies were trapped in the laboratory near lugs of stored 
fruit, anesthetized, crushed, and planted on plates of 
nutrient glucose agar. Tissue plantings of fruit affected 
with the disease were also made to this medium. Within 
48 hr, colonies of yeast had appeared at the sites of 
many of the tissue and Drosophila plantings. Bac- 
terial and fungal contaminants occasionally accom- 
panied the yeasts but following the dilution plate 
method, the organism was readily recovered in pure 
culture. 

The following report contains the results of further 
studies of the pathogenicity, physiological charae- 
teristics, morphology, and taxonomy of the causal 
organism. 


EXPERIMENTAL METHODS AND RESULTS 


Pathogenicity. Several methods were used to test the 
pathogenicity of the sour pit organism. In the first 
method, 24 peaches in the firm-ripe stage of maturity 
were cut along their sutures to pit depth. Six fruits 
were inoculated by introducing a suspension in steri- 
lized water of a 10-day-old malt extract culture, origi- 
nally isolated from infected fruit, between the cut 
edges of the peaches. Six fruits were similarly inocu- 
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lated with a suspension from a 10-day-old malt extract of suture cuts (figure 1B). When the fruits were cut 
agar culture originally isolated from Drosophila plant- open, the tissues around pit cavities appeared tan to 
ings on malt agar. Twelve control fruits were injured light-brown. Yeast growth was visible in pit cavities 
but inoculated with sterilized water only. of some fruits (figure 1C). The flesh was watersoaked 
After 7 days of incubation in humidity chambers at and had a sour odor. Control fruits remained free of 

23 C, the inoculated fruits showed a grayish-brown the disease. 
| skin discoloration extending 5 to 10 mm on either side In another type of inoculation, a cylinder of tissue 5 


Figure 1. A. Cells of the sour pit yeast X 1000. B. Infection along cut in suture. C. Internal view of (B). D. Type of injury at 
inoculation site. E. Growth of sour pit yeast in stem end of inoculated fruit after 7 days of incubation. F. Yeast cells in infected 
peach tissues X 320. G. Yeast invasion of peach flesh involving subepidermal cells X 210. H. Infection of peach with sour pit yeast 
transmitted by Drosophila melanogaster. I. Infection of apple by the sour pit yeast. 
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mm in diam was removed from each of six peaches 
with a sterilized cork borer. A suspension in sterilized 
water of an 8-day malt extract agar culture of the sour 
pit yeast isolated from Drosophila was then admitted 
into the holes which extended to the pits of the fruits. 
Six fruits were similarly inoculated with a suspension 
in sterilized water of an 8-day culture of the organism 
that had been isolated from diseased fruit selected 
from lugs of fruit being held for canning. Tissue was 
similarly removed from six control fruits but only 
sterilized water was added. 

Following the inoculations, plugs of tissues were 
replaced in the holes and the fruit was incubated in 
humidity chambers for 7 days at 24 C. When fruits 
inoculated with organisms isolated from peach flesh 
and from Drosophila were cut open, infection charac- 
terized by a sliminess and light brown color of the 
flesh was visible along the line of cork borer cuts and 
adjacent tissues, and into pit cavities. The flesh had a 
sour odor. Control fruits remained free of the disease. 

In a third method, the skin in the stem ends of each 
of eight firm-ripe peaches was torn to expose the under- 
lying flesh (figure 1D). The fruits were inoculated by 
pipetting drops of a suspension in sterilized water of a 
5-day yeast extract agar culture of the organism, 
originally isolated from Drosophila, into the stem 
‘avities. Sterilized water was added to eight simi- 
larly injured controls. 

Inoculated and control fruits were placed into each 
of two humidity chambers and incubated for 7 days 
at 22 to 24 C. At that time the skin of the inoculated 
fruits showed a faint brown discoloration that ex- 
tended from the injured areas over }3 to 4 of the fruit 
surfaces. This symptom was accompanied by a marked 
softening of the flesh, and growth of yeast in stem ends 
of some fruits (figure 1£). When fruits were cut and 
pitted, yeast infection was visible in the flesh imme- 
diately below stem cavities and extended into the flesh 
adjacent to the pits. Affected fruits had a pronounced 
sour odor. 

Diseased tissues from pit cavities and adjacent areas 
were excised, killed in formalin-acetic acid-alcohol 
solution, embedded in paraffin, sectioned, and stained 
with a safranin-light green combination. The sections 
disclosed extensive disorganization of cells in infected 
areas (figure 1F). Some revealed the invasion of the 
yeast through the flesh into subepidermal cells (figure 
1G). In all of the foregoing experiments, the yeast was 
reisolated in pure culture from affected fruits. Control 
fruits remained free of the disease. 

An experiment was set up to determine the patho- 
genicity of the yeast to nonwounded fruit. Ten sound 
firm-ripe peaches were inoculated by spraying with a 
sterilized water suspension of a 7-day malt agar cul- 
ture of the organism that had been originally isolated 
from sour pit affected fruit obtained from lugs of 


canning fruit. Control fruits were sprayed with steri- 
lized water. The peaches were incubated in humidity 
chambers at 23 C for 10 days. None showed signs of 
infection at the end of that period. Numerous inocula. 
tions of uninjured peaches with the sour pit yeast were 
attempted in subsequent experiments but none was 
successful. 

The studies of Phillips et al. (1925), Caldis (1930), 
Smith and Hansen (1931), Miller and Mrak (1953), 
Szkolnik and Hamilton (1954), Willison and Dustan 
(1956), Mrak (1957), and Pierson et al. (1958) have 
shown Drosophila to be vectors of yeasts and fungi 
responsible for certain fruit diseases. 

Drosophila flies are apparently incapable of attacking 
sound fruit. Once entrance is gained through skin 
breaks of various types the microorganisms that con- 
taminate their bodies may be deposited during their 
movements incident to feeding or egg laying. The 
chances for infection of fruits and vegetables with 
various microorganisms carried by the flies are thus 
greatly enhanced. 

It was noted by Willison and Dustan (1956) that 
percentages of brown rot infection starting at stem 


ends of peaches on which skin was torn away from the | 


flesh in the picking process were significantly greater 
in the presence of Drosophila than when flies were ex- 
cluded. Other studies by Pierson ez al. (1958) indicated 
that approximately 30 per cent of the Rhizopus in- 
fections of peaches appeared to originate at the stem 
ends of the fruit where the skin was torn away during 
harvest. 

A preliminary experiment was made to determine the 
relative numbers of yeast cells carried by fruit. flies 
that were allowed access to infected peach flesh for 
varying periods. For this purpose, two cultures of 
Drosophila, each containing 15 flies that had_ been 
given access to infected peach flesh for periods of 2 
and 4 hr, respectively, were anesthetized and each 
fly dropped in a tube containing 5 ml of sterilized 
water. Controls consisted of 15 flies that had not been 
given access to infected peach flesh. These were simi- 
larly anesthetized and dropped into tubes of sterilized 
water. The tubes were shaken thoroughly and ex- 
amined after 10 min. The results of a microscopic ex 
amination of 10 3-mm loopfuls from each tube showed 
an average of 248 and 293 yeast cells per microscopit 
field, respectively, for the 2- and 4-hr exposures o/ 
Drosophila to the inoculum. Yeast cells were not ob- 
served in the control tubes. 

In a subsequent experiment, small portions of the 
skin in the stem cavities of 16 firm-ripe peaches wert 
pulled away to expose the underlying flesh. Fight 
peaches were then placed in each of two glass chambers. 
A 10-day culture of the sour pit organism growing ol 
malt extract agar was introduced into one of them. 
No inoculum was placed in the second chamber. Cul 
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tures Of Drosophila melanogaster (Oregon R. strain) 
were then introduced into each chamber after which 
the tops were covered with a double layer of cheese- 


‘cloth. After incubation at 24 C for 7 days, a softening 


of flesh was apparent in the stem ends of the fruits in 
the chamber containing the yeast culture. When fruits 
were cut and pitted, decay characterized by water- 
soaking and sliminess of the flesh adjacent to pits was 
observed. Yeast growth was apparent in stem ends and 
pit cavities of some of the peaches (figure 1H). Af- 
fected flesh had a pronounced sour odor. Yeast was 
reisolated in pure culture from infected fruits and from 
the Drosophila. Fruits in the control chamber remained 
free of the disease. Drosophila present in the control 
chamber were anesthetized, crushed, plated on malt 
agar, and incubated for 6 days. Bacteria (species unde- 
termined) appeared around some of the Drosophila 
on the various plates but no yeast was observed. 

In a second experiment, eight firm-ripe peaches in- 
jured by breaking the skin and exposing the underlying 
flesh in the stem cavities and eight similarly injured 
control fruits were placed in each of two humidity 
chambers. Plates containing peach flesh on which the 
sour pit organism was growing were placed in the 
bottom of one of them. Uninoculated peach flesh was 
placed in the bottom of the second chamber to serve 
asa control. Cultures of Drosophila were then admitted 
to each chamber the tops of which were covered with 
cheesecloth as in the previous experiment. Following 
an incubation period of 7 days at 24 C, the fruit was 
removed from the chambers, cut, and pitted. All of 
the fruits inoculated by Drosophila bore the typical 
sour pit symptoms as observed in the previous experi- 
ment. The organism was reisolated in pure culture 
from infected peaches and from Drosophila that had 
aceess to infected peach flesh. Control fruits remained 
uninfected. 

Two cultures of Drosophila that were given access 
to sour pit infected peach flesh for periods of 2 and 4 
hr, respectively, were admitted to each of two humidity 
chambers each containing 10 peaches that had been 
injured at stem ends as in the previous experiments. A 
third culture of Drosophila not allowed access to in- 


‘lected fruit was admitted to a third chamber con- 


taining 10 similarly injured fruits to serve as controls. 
after covering the tops of each of the chambers with 
cheesecloth, the fruit was incubated at 25 C for 4 days. 
The flies were then anesthetized and removed from all 
the chambers. Four fruits were removed from each 
chamber and were cut and pitted. 

Examination of the flesh in the stem end and pit 
areas of fruits failed to reveal any unusual softening or 
discoloration. Smears, however, made from flesh from 
these areas revealed the presence of yeast. Pure cul- 
lures of the causal organism were subsequently ob- 
tained from such tissue. Four control fruits remained 
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free of the disease. After 7 days of incubation the re- 
maining fruits were cut and examined. At this time 
flesh in the stem end and pit areas was showing defi- 
nite softening and the flesh, particularly in the pit 
areas, had assumed a light-brown color. The organism 
could be seen growing in the pit cavities of two fruits. 
A faint sour odor accompanied these symptoms. Isola- 
tions from affected fruits yielded the sour pit organism 
in pure culture. The remaining control fruits were free 
of the disease. 

During the studies in 1957, species of Saccharomyces, 
Zygosaccharomyces, and Trichosporon, in addition to 
Torulopsis, were isolated from Drosophila and from 
‘anning peaches at Prosser, Washington. Two of the 
Torulopsis isolates produced typical sour pit symptoms 
when used as inoculum in peaches. The T'richosporon, 
Zygosaccharomyces, Saccharomyces and a third isolate 
of Torulopsis did not prove to be pathogenic. 

In 1957 two genera of yeasts, one Pichia and a second 
Trichosporon, were isolated from decayed watermelons 
in Chicago. Five-day-old malt extract agar cultures of 
each of these were used to inoculate peaches through 
scalpel wounds in stem cavities. The Trichosporon 
isolate failed to exhibit any pathogenicity to this host. 
Fruits inoculated with Pichia showed slight softening 
around scalpel wounds and the yeast had progressed 
into the flesh of some fruits 5 to 10 mm after 7 days of 
incubation. There was no skin discoloration of affected 
fruits nor was any yeasty or sour odor of flesh detected. 
The decay from this organism was not considered typ- 
ical of that produced by the sour pit organism. 

Eight firm-ripe peaches injured by breaking the skin 
to expose the underlying flesh in the stem cavities and 
eight similarly injured fruits to serve as controls, 
were placed in each of two humidity chambers. A cul- 
ture of Torulopsis inconspicua (Lodder and Kreger- 
Van Rij, 1952) was used to inoculate eight fruits by 
insertion of the inoculum from a 10-day-old malt 
agar culture of the organism into the wounded areas. 
The fruits were incubated at 24 C for 7 days. At that 
time flesh in the vicinity of inoculation sites was 
slightly soft. When cut open a faint brown discoloration 
could be seen extending into the flesh 3 to 6 mm. Smears 
from such discolored tissues disclosed the presence of 
yeast. No infection was observed in the pit areas of 
the fruits nor was any sour odor of flesh detected. The 
organism was reisolated in pure culture. Control fruits 
remained free of the disease. 

The sour pit yeast was tested for its pathogenicity 
to other hosts. Jonathan apples and Anjou pears were 
inoculated with a 10-day malt extract agar culture of 
the organism by inserting a small portion through seal- 
pel punctures in the sides of the fruits. The apples 
were incubated in humidity chambers at 74 F for 18 
days. At the end of that time, decay characterized by 
slight skin softening and browning was visible at inocu- 
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lation sites. When apples were cut open a gray-brown, 
fairly firm decay that had progressed into the flesh 
of the various fruits 20 to 40 mm was noted (figure 1/). 
No yeasty or sour odor of decayed tissues was de- 
tected. 

Decay of pears was more rapid, being first indicated 
by a grayish-brown discoloration of the skin at inocula- 
tion sites after 6 days of incubation. After 12 days of 
incubation, flesh of inoculated fruits was soft and 
watery. Decay extended into the flesh 60 to 70 mm. 
Control apples and pear fruits remained uninfected. 
Yeast was reisolated in pure culture from infected 
apples and pears. 

Watermelons were inoculated with a sterilized water 
suspension from a 6-day-old malt extract agar culture 
of the sour pit yeast by first removing a plug contain- 
ing rind and flesh tissues, and then pipetting the sus- 
pension into the flesh of the melons. Controls consisted 
of melons into which sterilized water only was ad- 
mitted. Plugs of tissue were replaced and the melons 
were incubated at 26 C for 7 days. When cut a soft 
watery decay of flesh was observed. There was no 
softening of the rind, nor was any sour odor detected. 
Control melons showed no signs of the disease. The 
organism was reisolated in pure culture from affected 
melons. 

Morphological and physiological characteristics of the 
isolates. Cultures of the sour pit yeast were maintained 
on malt, yeast extract, and nutrient glucose agars. 
Single colony isolations from cultures purified by the 
dilution plate method were used. An authentic culture 
of Torulopsis inconspicua was used for comparison with 
the sour pit yeast. 

Growth in malt extract. After 7 days, cells of the sour 
pit yeast are oval, single or occasionally in pairs. Cells 
are 2.0 by 4.5 to 3.0 by 5.35 uw. Cells of T. inconspicua 
are oval, single or in pairs, 2.0 by 4.3 to 3.2 by 5.0 uw. A 
sediment and rarely a thin pellicle are present in cul- 
tures of the sour pit yeast as well as 7. inconspicua. 

Growth on malt agar. After 7 days, cells of the sour 
pit yeast are oval, single, or occasionally in pairs, 2.0 by 
4.3 to 3.4 by 5.1 uw. Cells of T. inconspicua are oval, 
single or occasionally in pairs, 1.90 by 4.0 to 3.0 by 
52 p. 

Growth on nutrient glucose agar. Cells of the sour pit 
yeast are oval, single, or occasionally in pairs, 2.5 by 
4.6 to 3.4 by 5.0 yw. Cells of T. inconspicua are oval, 
single, or occasionally in pairs, 2.4 by 4.3 to 3.8 by 5.1 u. 

Dalmau plates. No pseudomycelium is formed with 
either the sour pit yeast or T. inconspicua. 

Carbon assimilation. Glucose was assimilated by both 
of these organisms. Neither assimilated L-arabinose, 
maltose, galactose, raffinose, mannitol, glycerol, or 
inulin. 

Fermentation. The sour pit yeast fermented glucose 
but the culture of T. inconspicua did not. According to 


Lodder and Kreger-Van Rij (1952) T. inconspicua ‘ 


may or may not ferment glucose. 


DISCUSSION 


The results of the various experiments show that 
inoculation of peaches with yeast isolated from Drogo. 
phila obtained in the vicinity of ripening canning 
peaches resulted in internal infections typical of the 
sour pit disease. It was shown that yeast cells are read- 
ily carried by Drosophila that have been given access 
to sour pit infected fruit. Injured fruits were infected | 
by the sour pit yeast carried by Drosophila that had 
been given access to this organism growing on malt 
extract agar or on peach flesh. Apple and pear fruits 
were susceptible to infection by this organism. This 
yeast also caused extensive decay of the flesh of water- 


melon when introduced through wounds. 


Studies show that there are no essential differences 
in the morphology of the sour pit organism and 7, 
inconspicua. The physiological studies indicate that the | 
sour pit yeast and 7’. inconspicua exhibit similar reac- | 
tions to the various media tested. Inoculation experi- 
ments show that 7’. inconspicua is able to invade peach 
flesh but the particular strain tested was not as active 
pathogenically as the sour pit yeast. Fruit infected by 
T. inconspicua did not have the characteristic sour 


odor detected in fruit invaded by the sour pit yeast. 


It is the writer’s view that, for the present at least, 
the sour pit yeast should be considered a strain of 7. 


inconspicua. 
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SUMMARY 


A sour pit disease of canning peaches incited by 4 
yeast identified as belonging to the genus Torulopsis 
is described. This yeast originally isolated from Dre 
sophila trapped in the vicinity of lugs of cannery 
peaches produced typical internal symptoms of the 
sour pit disease when inoculations were made through 
wounds in the fruits. It was demonstrated that Dro- 
sophila may act as carriers of this yeast and are cap- 
able of introducing it through injuries in fruits. Typical | 
sour pit infections result from such inoculations. 1 
oculations of noninjured fruits were unsuccessful. 
The morphological and physiological characteristics 
the sour pit yeast indicated that it is similar if nol 


identical to Torulopsis inconspicua. 
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WITH B-B-L MULTI-PURPOSE LABORATORY EQUIPMENT 





BACTERIOLOGICAL TUBE CABINET 
Cat. No. 05-352—A multi-purpose cabinet for preparation, 
incubation and storage of “slant” culture tubes, particularly 
in TB work. Slant angle adjustable from 5° to 11°. Also use- 
ful for stock and tissue cultures and preparation of gradient 
plates. Fits into any standard incubator. Easy viewing per- 
mits rapid inspection and selection. Sturdy and attractive — 
electro-welded, stainless steel construction, electro-polished 
for smoothness—no sharp corners. Four models available. 






TUBE ROTATOR 


Cat. No. 05-480—This all-purpose rotator takes little bench 
space and saves the time and tedium of hand mixing. It 
assures homogeneous dispersion of blood and other fluids for 
accurate and uniform laboratory analyses. Twelve tubes of 
different shapes and sizes are kept in gentle, constant 
motion. Metal construction — attractively finished in gray 
hammertone. Motor requires no lubrication. 





> 
4 


i 





Al 


6-B-L IS A TRADEMARK OF BALTIMORE BIOLOGICAL LABORATORY, INC. 





DISPLAY RACK 


Cat. No. 05-414—A flexible combination of display rack and 
viewing box for use in bacteriological, serological, blood typ- 
ing and other laboratory procedures. A 15-watt fluorescent 
bulb provides bright, well-diffused illumination for viewing 
20 large test tubes or four standard Petri dishes. A remov- 
able Petri dish holder is supplied. Excellent for teaching 
and demonstration purposes. Steel construction, enameled 
in laboratory white. Convenient on-off switch. 





BREWER ANAEROBIC JAR 


Cat. No. 06-1948—A versatile, compact unit for culturing 
anaerobes by any one of the commonly used methods. Also 
used to culture organisms needing increased CO, tension. 
Safe—no exposed electrical connections inside jar. Meets 
specifications of Armed Services Medical Procurement 
Agencies. Simple and convenient to operate—plugs into ordi- 
nary electrical outlet. 





Descriptive literature for these products sent upon request. 
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RAPID DISK METHOD 
for Detection of 


PENICILLIN in MILK 


Reliable Sensitive Practical 


Direct assay method of Arret and Kirshbaum (FDA) for de- 
termining presence of penicillin in milk and dairy products. 


Media BACTO-ANTIBIOTIC MEDIUM I 
BACTO-SPORULATING AGAR 


Inoculum BACILLUS SUBTILIS ATCC 6633 


Standardized Spore Suspension in 1 ml. ampuls 


Penicillinase BACTO-PENASE CONCENTRATE 


in 20 ml. and 100 ml. vials 


BACTO-PEN ASE DISKS 
Standardized Impregnated Disks 


Penicillin STANDARDIZED IMPREGNATED DISKS 


0.05 unit, o.1 unit and other concentrations 


Information on request 


DIFCO LABORATORIES 


DETROIT I MICHIGAN USA 























